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LIFE SUPPORT POLICY 

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 

SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR- 
PORATION. As used herein: 

1 . Life support devices or systems are devices or systems 2. A critical component is any component of a life support 
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be reason- 

or (b) support or sustain life, and whose failure to per- ably expected to cause the failure of the life support de- 
form, when properly used in accordance with instructions vice or system, or to affect its safety or effectiveness, 

for use provided in the labeling, can be reasonably ex- 
pected to result in a significant injury to the user. 
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 

without notice, to change said circuitry or specifications. 
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Data Sheet Identification 

Product Status 

Definition 

Advance Information 

Formative or 

In Design 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without notice. 

Preliminary : ^ t 

First 

Production 

This data sheet contains preliminary data, and supplementary data will 
be published at a later date. National Semiconductor Corporation 
reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 

Holed ' ^ 

Full 

Production 

This data sheet contains final specifications. National Semiconductor 
Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 

r : Obaolo^||lj' 

Not In Production 

This data sheet contains specifications on a product that has been 
discontinued by National Semiconductor Corporation. The data sheet 
is printed for reference information only. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Additional Available Linear Devices 


ADC0800 8-Bit A/D Converter 

. Section 2 

Data Acquisition 

ADC0801 8-Bit juP Compatible A/D Converter 

.Section 2 

Data Acquisition 

ADC0802 8-Bit juP Compatible A/D Converter 

. Section 2 

Data Acquisition 

ADC0803 8-Bit juP Compatible A/D Converter 

. Section 2 

Data Acquisition 

ADC0804 8-Bit juP Compatible A/D Converter 

. Section 2 

Data Acquisition 

ADC0805 8-Bit jaP Compatible A/D Converter 

. Section 2 

Data Acquisition 

ADC0808 8-Bit jllP Compatible A/D Converter with 8-Channel 
Multiplexer 

. Section 2 

Data Acquisition 

ADC0809 8-Bit juP Compatible A/D Converter with 8-Channel 
Multiplexer . . . . 

.Section 2 

Data Acquisition 

ADC081 1 8-Bit Serial I/O A/D Converter with 1 1 -Channel 
Multiplexer. . 

. Section 2 

Data Acquisition 

ADC081 6 8-Bit juP Compatible A/D Converter with 1 6-Channel 
Multiplexer 

. Section 2 

Data Acquisition 

ADC0817 8-Bit juP Compatible A/D Converter with 16-Channel 
Multiplexer 

.Section 2 

Data Acquisition 

ADC0819 8-Bit Serial I/O A/D Converter with 1 9-Channel 

Multiplexer , 

.Section 2 

Data Acquisition 

ADC0820 8-Bit High Speed juP Compatible A/D Converter with 
Track/Hold Function 

. Section 2 

Data Acquisition 

ADC0831 8-Bit Serial I/O A/D Converter with Multiplexer Options . . . 

. Section 2 

Data Acquisition 

ADC0832 8-Bit Serial I/O A/D Converter with Multiplexer Options . . . 

. Section 2 

Data Acquisition 

ADC0833 8-Bit Serial I/O A/D Converter with 4-Channel Multiplexer. 

. Section 2 

Data Acquisition 

ADC0834 8-Bit Serial I/O A/D Converter with Multiplexer Options . . . 

. Section 2 

Data Acquisition 

ADC0838 8-Bit Serial I/O A/D Converter with Multiplexer Options . . . 

.Section 2 

Data Acquisition 

ADC0841 8-Bit juP Compatible A/D Converter . 

.Section 2 

Data Acquisition 

ADC0844 8-Bit jutP Compatible A/D Converter with Multiplexer 
Options 

. Section 2 

Data Acquisition 

ADC0848 8-Bit juP Compatible A/D Converter with Multiplexer 
Options 

. Section 2 

Data Acquisition 

ADC0851 8-Bit Analog Data Acquisition and Monitoring System 

. Section 1 

Data Acquisition 

ADC0852 Multiplexed Comparator with 8-Bit Reference Divider 

.Section 2 

Data Acquisition 

ADC0854 Multiplexed Comparator with 8-Bit Reference Divider 

.Section 2 

Data Acquisition 

ADC0858 8-Bit Analog Data Acquisition and Monitoring System 

. Section 1 

Data Acquisition 

ADC08031 8-Bit High-Speed Serial I/O A/D Converter with 
Multiplexer Options, Voltage Reference, and Track/Hold 



Function 

. Section 2 

Data Acquisition 

ADC08032 8-Bit High-Speed Serial I/O A/D Converter with 
Multiplexer Options, Voltage Reference, and Track/Hold 

Function 

. Section 2 

Data Acquisition 

ADC08034 8-Bit High-Speed Serial I/O A/D Converter with 
Multiplexer Options, Voltage Reference, and Track/Hold 

Function 

.Section 2 

Data Acquisition 

ADC08038 8-Bit High-Speed Serial I/O A/D Converter with 
Multiplexer Options, Voltage Reference, and T rack/Hold 

Function 

. Section 2 

Data Acquisition 

ADC08061 500 ns A/D Converter with S/H Function and Input 
Multiplexer 

.Section 2 

Data Acquisition 

ADC08062 500 ns A/D Converter with S/H Function and Input 
Multiplexer 

. Section 2 

Data Acquisition 
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Additional Available Linear Devices (continued) 


ADC08131 8-Bit High-Speed Serial I/O A/D Converter with 
Multiplexer Options, Voltage Reference, and Track/Hold 

Function 

Section 2 

Data Acquisition 

ADC08134 8-Bit High-Speed Serial I/O A/D Converter with 
Multiplexer Options, Voltage Reference, and Track/Hold 

Function 

Section 2 

Data Acquisition 

ADC08138 8-Bit High-Speed Serial I/O A/D Converter with 
Multiplexer Options, Voltage Reference, and Track/ Hold 

Function 

Section 2 

Data Acquisition 

ADC08161 500 ns A/D Converter with S/H Function and 2.5V 
Bandgap Reference 

Section 2 

Data Acquisition 

ADC08231 8-Bit 2 jms Serial I/O A/D Converter with MUX, Reference, 
and Track/Hold 

Section 2 

Data Acquisition 

ADC08234 8-Bit 2 /xs Serial I/O A/D Converter with MUX, Reference, 
and Track/Hold 

Section 2 

Data Acquisition 

ADC08238 8-Bit 2 jjls Serial I/O A/D Converter with MUX, Reference, 
and Track/Hold 

Section 2 

Data Acquisition 

ADC12H030 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converter with MUX and Sample/Hold 

Section 2 

Data Acquisition 

ADC12H032 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converter with MUX and Sample/Hold . 

Section 2 

Data Acquisition 

ADC12H034 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converter with MUX and Sample/Hold 

Section 2 

Data Acquisition 

ADC12H038 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converter with MUX and Sample/Hold 

Section 2 

Data Acquisition 

ADC12L030 3.3V Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converter with MUX and Sample/ Hold 

Section 2 

Data Acquisition 

ADC12L032 3.3V Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converter with MUX and Sample/Hold 

.Section 2 

Data Acquisition 

ADC12L034 3.3V Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converter with MUX and Sample/ Hold 

. Section 2 

Data Acquisition 

ADC12L038 3.3V Self-Calibrating 12-Bit Plus Sign Serial I/O A/D 
Converter with MUX and Sample/Hold 

. Section 2 

Data Acquisition 

ADC1001 10-Bit juP Compatible A/D Converter 

, Section 2 

Data Acquisition 

ADC1005 10-Bit ju,P Compatible A/D Converter 

.Section 2 

Data Acquisition 

ADG1031 10-Bit Serial I/O A/D Converter with Analog Multiplexer 
and Track/Hold Function 

. Section 2 

Data Acquisition 

ADC1034 10-Bit Serial I/O A/D Converter with Analog Multiplexer 
and Track/Hold Function 

. Section 2 

Data Acquisition 

ADC1 038 1 0-Bit Serial I/O A/D Converter with Analog Multiplexer 
and Track/ Hold Function 

Section 2 

Data Acquisition 

ADC1061 10-Bit High-Speed juP-Compatible A/D Converter with 
Track/Hold Function 

Section 2 

Data Acquisition 

ADC1205 12-Bit Plus Sign jutP Compatible A/D Converter 

, Section 2 

Data Acquisition 

ADC1225 12-Bit Plus Sign juP Compatible A/D Converter 

. Section 2 

Data Acquisition 

ADC1241 Self-Calibrating 12-Bit Plus Sign juP-Compatible A/D 
Converter with Sample/Hold 

, Section 2 

Data Acquisition 

ADC1242 12-Bit Plus Sign Sampling A/D Converter 

, Section 2 

Data Acquisition 

ADC1 251 Self-Calibrating 1 2-Bit Plus Sign A/D Converter with 
Sample/Hold 

, Section 2 

Data Acquisition 
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Additional Available Linear Devices (continued) 


ADC10061 10-Bit 600 ns A/D Converter with Input Multiplexer and 
Sample/Hold 

Section 2 

Data Acquisition 

ADC10062 10-Bit 600 ns A/D Converter with Input Multiplexer and 
Sample/Hold . . 

Sections 

Data Acquisition 

ADC10064 10-Bit 600 ns A/D Converter with Input Multiplexer and 
Sample/Hold 

Section 2 

Data Acquisition 

ADC10154 10-Bit Plus Sign 4 ju,s ADC with 4- or 8-Channel MUX, 
Track/ Hold and Reference 

Section 2 

Data Acquisition 

ADC10158 10-Bit Plus Sign 4 ju,s ADC with 4- or 8-Channel MUX, 
Track/Hold and Reference 

Section 2 

Data Acquisition 

ADC10461 10-Bit 600 ns A/D Converter with Input Multiplexer and 
Sample/Hold 

Section 2 

Data Acquisition 

ADC10462 10-Bit 600 ns A/D Converter with Input Multiplexer and 
Sample/Hold 

Section 2 

Data Acquisition 

ADC 10464 10-Bit 600 ns A/D Converter with Input Multiplexer and 
Sample/Hold 

Section 2 

Data Acquisition 

ADC10662 10-Bit 360 ns A/D Converter with Input Multiplexer and 
Sample/Hold 

Section 2 

Data Acquisition 

ADC10664 10-Bit 360 ns A/D Converter with Input Multiplexer and 
Sample/Hold 

Section 2 

Data Acquisition 

ADC10731 10-Bit Plus Sign Serial I/O A/D Converter with MUX, 
Sample/Hold and Reference 

Section 2 

Data Acquisition 

ADC10732 10-Bit Plus Sign Serial I/O A/D Converter with MUX, 
Sample/Hold and Reference 

Section 2 

Data Acquisition 

ADC1 0734 1 0-Bit Plus Sign Serial I/O A/D Converter with MUX, 
Sample/Hold and Reference 

Section 2 

Data Acquisition 

ADC10738 10-Bit Plus Sign Serial I/O A/D Converter with MUX, 
Sample/Hold and Reference 

Section 2 

Data Acquisition 

ADC10831 10-Bit Plus Sign Serial I/O A/D Converter with MUX, 
Sample/Hold and Reference 

.Section 2 

Data Acquisition 

ADC10832 10-Bit Plus Sign Serial I/O A/D Converter with MUX, 
Sample/Hold and Reference 

.Section 2 

Data Acquisition 

ADC10834 10-Bit Plus Sign Serial I/O A/D Converter with MUX, 
Sample/Hold and Reference 

.Section 2 

Data Acquisition 

ADC10838 10-Bit Plus Sign Serial I/O A/D Converter with MUX, 
Sample/Hold and Reference 

. Section 2 

Data Acquisition 

ADC12030 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter 
with MUX and Sample/Hold 

.Section 2 

Data Acquisition 

ADC12032 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter 
with MUX and Sample/Hold 

. Section 2 

Data Acquisition 

ADC12034 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter 
with MUX and Sample/Hold 

.Section 2 

Data Acquisition 

ADC12038 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter 
with MUX and Sample/Hold 

.Section 2 

Data Acquisition 

ADC12062 12-Bit, 1 MHz, 75 mW A/D Converter with Input 
Multiplexer and Sample/Hold 

. Section 2 

Data Acquisition 

ADC12130 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter 
with MUX and Sample/Hold 

Section 2 

Data Acquisition 

ADC12132 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter 
with MUX and Sample/Hold 

. Section 2 

Data Acquisition 
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Additional Available Linear Devices (Continued) 

ADC12138 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter 


with MUX and Sample/Hold Section 2 

ADC12441 Dynamically-Tested Self-Calibrating 12-Bit Plus Sign A/D 

Converter with Sample/ Hold Section 2 

ADC12451 Dynamically-Tested Self-Calibrating 12-Bit Plus Sign A/D 

Converter with Sample/Hold Section 2 

ADC12662 12-Bit, 1.5 MHz, 200 mW A/D Converter with Input 

Multiplexer and Sample/Hold Section 2 

ADC16071 16-Bit Delta-Sigma 192 ks/s Analog-to-Digital Converter. .Section 2 
ADC16471 16-Bit Delta-Sigma 192 ks/s Analog-to-Digital Converter. .Section 2 

AH0014 Dual DPDT-TTL/DTL Compatible MOS Analog Switch Section 8 

AH001 5 Quad SPST-TTL/DTL Compatible MOS Analog Switch Section 8 

AH0019 Dual DPST-TTL/DTL Compatible MOS Analog Switch Section 8 

AH501 0 Monolithic Analog Current Switch Section 8 

AH501 1 Monolithic Analog Current Switch Section 8 

AH501 2 Monolithic Analog Current Switch Section 8 

AH5020C Monolithic Analog Current Switch Section 8 

AN-450 Small Outline (SO) Package Surface Mounting 

Methods — Parameters and Their Effect on Product Reliability Section 9 

AN-450 Small Outline (SO) Package Surface Mounting 

Methods — Parameters and Their Effect on Product Reliability Section 5 

AN-450 Small Outline (SO) Package Surface Mounting 

Methods — Parameters and Their Effect on Product Reliability Section 6 

Board Mount of Surface Mount Components Section 6 

Board Mount of Surface Mount Components Section 5 

Board Mount of Surface Mount Components Section 9 

DAC0800 8-Bit D/A Converter Section 3 

DAC0801 8-Bit D/A Converter Section 3 

DAC0802 8-Bit D/A Converter Section 3 

DAC0806 8-Bit D/A Converter Section 3 

DAC0807 8-Bit D/A Converter Section 3 

DAC0808 8-Bit D/A Converter Section 3 

DAC0830 8-Bit jutP Compatible Double-Buffered D/A Converter Section 3 

DAC0831 8-Bit jutP Compatible Double-Buffered D/A Converter Section 3 

DAC0832 8-Bit jaP Compatible Double-Buffered D/A Converter Section 3 

DAC0854 Quad 8-Bit Voltage-Output Serial D/A Converter with 

Readback Section 3 

DAC0890 Dual 8-Bit juP-Compatible D/A Converter Section 3 

D AC 1006 jutP Compatible, Double-Buffered D/A Converter Section 3 

DAC1007 jutP Compatible, Double-Buffered D/A Converter Section 3 

D AC 1008 jutP Compatible, Double-Buffered D/A Converter Section 3 

D AC 1020 10-Bit Binary Multiplying D/A Converter Section 3 

DAC1021 10-Bit Binary Multiplying D/A Converter Section 3 

DAC1 022 1 0-Bit Binary Multiplying D/A Converter Section 3 

D AC 1054 Quad 10-Bit Voltage-Output Serial D/A Converter with 

Readback Section 3 

DAC1208 12-Bit jutP Compatible Double-Buffered D/A Converter Section 3 

DAC1209 12-Bit ji P Compatible Double-Buffered D/A Converter Section 3 

DAC1210 12-Bit ju,P Compatible Double-Buffered D/A Converter Section 3 

DAC1218 12-Bit Binary Multiplying D/A Converter Section 3 

DAC1 219 1 2-Bit Binary Multiplying D/A Converter Section 3 


Data Acquisition 

Data Acquisition 

Data Acquisition 

Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 

Data Acquisition 

Power ICs 

Operational Amplifiers 
Operational Amplifiers 
Power ICs 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 

Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 

Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
Data Acquisition 
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Additional Available Linear Devices (Continued) 


DAC1220 12-Bit Binary Multiplying D/A Converter 

DAC1 222 1 2-Bit Binary Multiplying D/A Converter 

DAC1230 12-Bit jmP Compatible Double-Buffered D/A Converter . . 
DAC1 231 12-Bit jutP Compatible Double-Buffered D/A Converter . . 
DAC1232 12-Bit ju,P Compatible Double-Buffered D/A Converter . . 

DH0006 Current Driver 

DH0034 High Speed Dual Level Translator 

DH0035 Pin Diode Driver ...... u 

Land Pattern Recommendations :....... 

Land Pattern Recommendations . . ... 

Land Pattern Recommendations 

LF1 1 1 Voltage Comparator . 

LF147 Wide Bandwidth Quad JFET Input Operational Amplifier . . . 

LF1 55 Series Monolithic JFET Input Operational Amplifiers 

LF1 56 Series Monolithic JFET Input Operational Amplifiers 

LF1 57 Series Monolithic JFET Input Operational Amplifiers 

LF1 98 Monolithic Sample and Hold Circuit 

LF21 1 Voltage Comparator 

LF298 Monolithic Sample and Hold Circuit 

LF31 1 Voltage Comparator 

LF347 Wide Bandwidth Quad JFET Input Operational Amplifier . . . 

LF351 Wide Bandwidth JFET Input Operational Amplifier 

LF353 Wide Bandwidth Dual JFET Input Operational Amplifier 

LF398 Monolithic Sample and Hold Circuit 

LF41 1 Low Offset, Low Drift JFET Input Operational Amplifier .... 
LF412 Low Offset, Low Drift Dual JFET Operational Amplifier . . . . , 

LF441 Low Power JFET Input Operational Amplifier 

LF442 Dual Low Power JFET Input Operational Amplifier 

LF444 Quad Low Power JFET Input Operational Amplifier 

LF451 Wide-Bandwidth JFET Input Operational Amplifier 

LF453 Wide-Bandwidth Dual JFET Input Operational Amplifier 

LF1 1201 Quad SPST JFET Analog Switch 

LF1 1202 Quad SPST JFET Analog Switch . 

LF1 1331 Quad SPST JFET Analog Switch 

LF1 1332 Quad SPST JFET Analog Switch 

LF1 1333 Quad SPST JFET Analog Switch 

LF13006 Digital Gain Set 

LF13007 Digital Gain Set 

LF1 3201 Quad SPST JFET Analog Switch 

LF13202 Quad SPST JFET Analog Switch V 

LF13331 Quad SPST JFET Analog Switch 

LF13332 Quad SPST JFET Analog Switch . . 

LF13333 Quad SPST JFET Analog Switch ; 

LF13508 8-Channel Analog Multiplexer 

LF13509 4-Channel Differential Analog Multiplexer . . . . 

LH0002 Buffer 

LH0003 Wide Bandwidth Operational Amplifier 

LH0004 High Voltage Operational Amplifier 

LH0021 1.0 Amp Power Operational Amplifier 

LH0024 High Slew Rate Operational Amplifier 

LH0032 Ultra Fast FET-Input Operational Amplifier 


. Section 3 
. Section 3 
. Section 3 
. Section 3 
. Section 3 
. Section 5 
. Section 5 
. Section 5 
. Section 6 
. Section 5 
.Section 9 
. Section 3 
.Section 1 
. Section 1 
. Section 1 
. Section 1 
Section 6 
.Section 3 
. Section 6 
.Section 3 
. Section 1 
. Section 1 
. Section 1 
.Sections 
. Section 1 
. Section 1 
. Section 1 
. Section 1 
. Section 1 
. Section 1 
. Section 1 
. Section 8 
. Section 8 
. Section 8 
. Section 8 
. Section 8 
. Section 6 
. Section 6 
. Section 8 
. Section 8 
. Section 8 
.Section 8 
.Section 8 
.Section 8 
.Section 8 
.Section 2 
. Section 1 
.Section 1 
.Section 1 
. Section 1 
. Section 1 
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Additional Available Linear Devices < 000 ^ 


LH0033 Fast and Ultra Fast Buffers 

..Section 2 

Operational Amplifiers 

LH0041 0.2 Amp Power Operational Amplifier 

. .Section 1 

Operational Amplifiers 

LH0042 Low Cost FET Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LH0063 Fast and Ultra Fast Buffers 

. . Section 2 

Operational Amplifiers 

LH0070 Series BCD Buffered Reference 

. . Section 4 

Data Acquisition 

LH0071 Series Precision Buffered Reference 

. . Section 4 

Data Acquisition 

LH0094 Multifunction Converter 

. . Section 5 

Operational Amplifiers 

LH0101 Power Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LH1605 5 Amp, High Efficiency Switching Regulator 

. .Section 3 

Power ICs 

LH21 1 1 Dual Voltage Comparator 

. . Section 3 

Operational Amplifiers 

LH231 1 Dual Voltage Comparator 

. . Section 3 

Operational Amplifiers 

LH4001 Wideband Current Buffer 

. .Section 2 

Operational Amplifiers 

LH4002 Wideband Video Buffer 

. .Section 2 

Operational Amplifiers 

LM 10 Operational Amplifier and Voltage Reference 

. . Section 1 

Operational Amplifiers 

LM12 80W Operational Amplifier 

. . Section 4 

Power ICs 

LM12H454 12-Bit + Sign Data Acquisition System with 



Self-Calibration 

. . Section 1 

Data Acquisition 

LM12H458 12-Bit + Sign Data Acquisition System with 



Self-Calibration 

. . Section 1 

Data Acquisition 

LM12L438 12-Bit + Sign Data Acquisition System with Serial I/O 



and Self-Calibration 

. . Section 1 

Data Acquisition 

LM12L454 12-Bit + Sign Data Acquisition System with 


r , 

Self-Calibration 

. .Section 1 

Data Acquisition 

LM12L458 12-Bit + Sign Data Acquisition System with 



Self-Calibration 

. .Section 1 

Data Acquisition 

LM34 Precision Fahrenheit Temperature Sensor 

. . Section 5 

Data Acquisition 

LM35 Precision Centigrade Temperature Sensor 

. . Section 5 

Data Acquisition 

LM45 SOT-23 Precision Centigrade Temperature Sensor 

. . Section 5 

Data Acquisition 

LM50 Single Supply Precision Centigrade Temperature Sensor — 

. . Section 5 

Data Acquisition 

LM78LXX Series 3-Terminal Positive Regulators . 

. . Section 1 

Power ICs 

LM78MXX Series 3-Terminal Positive Regulator 

. . Section 1 

Power ICs 

LM78S40 Universal Switching Regulator Subsystem 

. . Section 3 

Power ICs 

LM78XX Series Voltage Regulators 

. . Section 1 

Power ICs 

LM79LXXAC Series 3-Terminal Negative Regulator 

. . Section 1 

Power ICs 

LM79MXX Series 3-Terminal Negative Regulators 

. . Section 1 

Power ICs 

LM79XX Series 3-Terminal Negative Regulators 

. . Section 1 

Power ICs 

LM101 A Operational Amplifier 

. .Section 1 

Operational Amplifiers 

LM102 Voltage Follower 

. . Section 2 

Operational Amplifiers 

LM105 Voltage Regulator 

. . Section 1 

Power ICs 

LM106 Voltage Comparator 

. . Section 3 

Operational Amplifiers 

LM107 Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM 108 Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM1 09 5-Volt Regulator 

. . Section 1 

Power ICs 

LM1 1 0 Voltage Follower 

. .Section 2 

Operational Amplifiers 

LM1 1 1 Voltage Comparator 

. . Section 3 

Operational Amplifiers 

LM1 13 Reference Diode 

. . Section 4 

Data Acquisition 

LM1 17 3-Terminal Adjustable Regulator 

. . Section 1 

Power ICs 

LM1 1 7HV 3-Terminal Adjustable Regulator 

. . Section 1 

Power ICs 

LM1 18 Operational Amplifier 

. .Section 1 

Operational Amplifiers 

LM1 19 High Speed Dual Comparator 

. . Section 3 

Operational Amplifiers 

LM120 Series 3-Terminal Negative Regulator 

. . Section 1 

Power ICs 
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LM123 3-Amp, 5-Volt Positive Regulator 

.Section 1 

Power ICs 

LM124 Low Power Quad Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM125 Dual Voltage Regulator 

.Section! 

Power ICs 

LM129 Precision Reference 

. Section 4 

Data Acquisition 

LM131 Precision Voltage-to-Frequency Converter 

.Section 2 

Data Acquisition 

LM133 3-Amp Adjustable Negative Regulator 

.Section 1 

Power ICs 

LM1 34 3-Terminal Adjustable Current Source 

.Section 4 

Data Acquisition 

LM134 3-Terminal Adjustable Current Source 

.Sections 

Data Acquisition 

LM135 Precision Temperature Sensor 

. Section 5 

Data Acquisition 

LM136-2.5V Reference Diode 

. Section 4 

Data Acquisition 

LM136-5.0V Reference Diode 

. Section 4 

Data Acquisition 

LM137 3-Terminal Adjustable Negative Regulator 

. Section 1 

Power ICs 

LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage) 

.Section 1 

Power ICs 

LM138 5-Amp Adjustable Regulator 

. Section 1 

Power ICs 

LM139 Low Power Low Offset Voltage Quad Comparator 

. Section 3 

Operational Amplifiers 

LM140 Series 3-Terminal Positive Regulator 

. Section 1 

Power ICs 

LM140L Series 3-Terminal Positive Regulator 

. Section 1 

Power ICs 

LM143 High Voltage Operational Amplifier 

. Section 1 

Operational Amplifiers 

LM 145 Negative 3-Amp Regulator 

.Section 1 

Power ICs 

LM146 Programmable Quad Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM148 Quad 741 Operational Amplifier 

. Section 1 

Operational Amplifiers 

LM149 Wide Band Decompensated (Av(MIN) = 5) 

.Section 1 

Operational Amplifiers 

LM150 3-Amp Adjustable Regulator 

.Section 1 

Power ICs 

LM158 Low Power Dual Operational Amplifier 

.Section 1 

Operational Amplifiers 

LM160 High Speed Differential Comparator 

. Section 3 

Operational Amplifiers 

LM161 High Speed Differential Comparator 

.Section 3 

Operational Amplifiers 

LM169 Precision Voltage Reference 

. Section 4 

Data Acquisition 

LM185 Adjustable Micropower Voltage Reference 

. Section 4 

Data Acquisition 

LM 185-1 .2 Micropower Voltage Reference Diode 

. .Section 4 

Data Acquisition 

LM1 85-2.5 Micropower Voltage Reference Diode 

. .Section 4 

Data Acquisition 

LM193 Low Power Low Offset Voltage Dual Comparator 

. . Section 3 

Operational Amplifiers 

LM194 Supermatch Pair 

. .Sections 

Operational Amplifiers 

LM195 Ultra Reliable Power Transistor 

. . Section 5 

Operational Amplifiers 

LM199 Precision Reference 

. . Section 4 

Data Acquisition 

LM201 A Operational Amplifier 

. .Section 1 

Operational Amplifiers 

LM205 Voltage Regulator 

. . Section 1 

Power ICs 

LM207 Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM208 Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM210 Voltage Follower 

. .Section 2 

Operational Amplifiers 

LM211 Voltage Comparator 

. .Section 3 

Operational Amplifiers 

LM21 8 Operational Amplifier — 

. . Section 1 

Operational Amplifiers 

LM219 High Speed Dual Comparator 

. .Section 3 

Operational Amplifiers 

LM221 Precision Preamplifier 

. . Section 1 

Operational Amplifiers 

LM224 Low Power Quad Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM231 Precision Voltage-to-Frequency Converter — 

. . Section 2 

Data Acquisition 

LM234 3-Terminal Adjustable Current Source 

. . Section 4 

Data Acquisition 

LM234 3-Terminal Adjustable Current Source 

. . Section 5 

Data Acquisition 

LM235 Precision Temperature Sensor 

. . Section 5 

Data Acquisition 

LM236-2.5V Reference Diode 

. . Section 4 

Data Acquisition 

LM236-5.0V Reference Diode 

. . Section 4 

Data Acquisition 

LM239 Low Power Low Offset Voltage Quad Comparator 

. .Section 3 

Operational Amplifiers 
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Additional Available Linear Devices (Continued) 


LM246 Programmable Quad Operational Amplifier Section 1 

LM248 Quad 741 Operational Amplifier Section 1 

LM258 Low Power Dual Operational Amplifier Section 1 

LM261 High Speed Differential Comparator Section 3 

LM285 Adjustable Micropower Voltage Reference Section 4 

LM285-1 .2 Micropower Voltage Reference Diode Section 4 

LM285-2.5 Micropower Voltage Reference Diode Section 4 

LM293 Low Power Low Offset Voltage Dual Comparator Section 3 

LM299 Precision Reference Section 4 

LM301 A Operational Amplifier Section 1 

LM302 Voltage Follower Section 2 

LM305 Voltage Regulator Section 1 

LM306 Voltage Comparator Section 3 

LM307 Operational Amplifier Section 1 

LM308 Operational Amplifier Section 1 

LM309 5-Volt Regulator Section 1 

LM310 Voltage Follower Section 2 

LM31 1 Voltage Comparator Section 3 

LM313 Reference Diode Section 4 

LM317 3-Terminal Adjustable Regulator Section 1 

LM317HV 3-Terminal Adjustable Regulator Section 1 

LM317L 3-Terminal Adjustable Regulator Section 1 

LM31 8 Operational Amplifier Section 1 

LM319 High Speed Dual Comparator Section 3 

LM320 Series 3-Terminal Negative Regulator Section 1 

LM320L Series 3-Terminal Negative Regulator Section 1 

LM321 Precision Preamplifier Section 1 

LM323 3-Amp, 5-Volt Positive Regulator Section 1 

LM324 Low Power Quad Operational Amplifier Section 1 

LM325 Dual Voltage Regulator Section 1 

LM329 Precision Reference Section 4 

LM330 3-Terminal Positive Regulator Section 2 

LM331 Precision Voltage-to-Frequency Converter Section 2 

LM333 3-Amp Adjustable Negative Regulator Section 1 

LM334 3-Terminal Adjustable Current Source Section 4 

LM334 3-Terminal Adjustable Current Source Section 5 

LM335 Precision Temperature Sensor Section 5 

LM336-2.5V Reference Diode Section 4 

LM336-5.0V Reference Diode Section 4 

LM337 3-Terminal Adjustable Negative Regulator Section 1 

LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage) . .Section 1 

LM337L 3-Terminal Adjustable Regulator Section 1 

LM338 5-Amp Adjustable Regulator Section 1 

LM339 Low Power Low Offset Voltage Quad Comparator Section 3 

LM340 Series 3-Terminal Positive Regulator Section 1 

LM340L Series 3-Terminal Positive Regulator Section 1 

LM341 Series 3-Terminal Positive Regulator Section 1 

LM343 High Voltage Operational Amplifier Section 1 

LM345 Negative 3-Amp Regulator Section 1 

LM346 Programmable Quad Operational Amplifier Section 1 

LM348 Quad 741 Operational Amplifier Section 1 
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Additional Available Linear Devices (Continued) 


LM349 Wide Band Decompensated (Av(MIN) = 5) ,. . . Section 1 

LM350 3- Amp Adjustable Regulator Section 1 

LM358 Low Power Dual Operational Amplifier . .Section 1 

LM359 Dual, High Speed, Programmable Current Mode (Norton) 

Amplifier Section 1 

LM360 High Speed Differential Comparator Section 3 

LM361 High Speed Differential Comparator . .Section 3 

LM368-2.5 Precision Voltage Reference Section 4 

LM368-5.0 Precision Voltage Reference Section 4 

LM368-10 Precision Voltage Reference Section 4 

LM369 Precision Voltage Reference Section 4 

LM376 Voltage Regulator Section 1 

LM385 Adjustable Micropower Voltage Reference Section 4 

LM385-1 .2 Micropower Voltage Reference Diode Section 4 

LM385-2.5 Micropower Voltage Reference Diode Section 4 

LM392 Low Power Operational Amplifier/Voltage Comparator Section 1 

LM393 Low Power Low Offset Voltage Dual Comparator Section 3 

LM394 Supermatch Pair Section 5 

LM395 Ultra Reliable Power Transistor Section 5 

LM399 Precision Reference Section 4 

LM431 A Adjustable Precision Zener Shunt Regulator .Section 3 

LM611 Operational Amplifier and Adjustable Reference .Section 1 

LM612 Dual-Channel Comparator and Reference Section 3 

LM61 3 Dual Operational Amplifier, Dual Comparator, and Adjustable 

Reference Sections 

LM613 Dual Operational Amplifier, Dual Comparator, and Adjustable 

Reference Section 1 

LM61 4 Quad Operational Amplifier and Adjustable Reference Section 1 

LM61 5 Quad Comparator and Adjustable Reference Section s 

LM628 Precision Motion Controller Section 4 

LM629 Precision Motion Controller Section 4 

LM675 Power Operational Amplifier Section 1 

LM709 Operational Amplifier .Section 1 

LM710 Voltage Comparator . . . .>. .Section 3 

LM723 Voltage Regulator .Section 1 

LM725 Operational Amplifier .Section 1 

LM741 Operational Amplifier . . . Section 1 

LM747 Dual Operational Amplifier Section 1 

LM748 Operational Amplifier — Section 1 

LM759 Power Operational Amplifier Section 1 

LM760 High Speed Differential Comparator ; ... . .Section 3 

LM 1458 Dual Operational Amplifier Section 1 

LM1558 Dual Operational Amplifier Section 1 

LM1575 SIMPLE SWITCHER 1 A Step-Down Voltage Regulator Section 3 

LM1575HV SIMPLE SWITCHER 1 A Step-Down Voltage Regulator . . .Sections 

LM1 577 SIMPLE SWITCHER Step-Up Voltage Regulator Section 3 

LM1 578A Switching Regulator Section 3 

LM1801 Battery Operated Power Comparator .Section 3 

LM1 875 20 Watt Power Audio Amplifier Section 1 

LM1 877 Dual Power Audio Amplifier Section 1 

LM 18.96 Dual Power Audio Amplifier .Section 1 
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Additional Available Linear Devices < 000 ^ 


LM2524D Regulating Pulse Width Modulator 

. . Section 3 

Power ICs 

LM2574 SIMPLE SWITCHER 0.5A Step-Down Voltage Regulator . . 
LM2574HV SIMPLE SWITCHER 0.5A Step-Down Voltage 

. . Section 3 

Power ICs 

Regulator . 

. . Section 3 

Power ICs 

LM2575 SIMPLE SWITCHER 1A Step-Down Voltage Regulator 

. . Section 3 

Power ICs 

LM2575HV SIMPLE SWITCHER 1 A Step-Down Voltage Regulator . 

. .Section 3 

Power ICs 

LM2576 SIMPLE SWITCHER 3A Step-Down Voltage Regulator 

. . Section 3 

Power ICs 

LM2576HV SIMPLE SWITCHER 3A Step-Down Voltage Regulator . 

. . Section 3 

Power ICs 

LM2577 SIMPLE SWITCHER Step-Up Voltage Regulator 

. . Section 3 

Power ICs 

LM2578A Switching Regulator 

. . Section 3 

Power ICs 

LM2587 SIMPLE SWITCHER 5A Flyback Regulator 

. . Section 3 

Power ICs 

LM2877 Dual 4 Watt Power Audio Amplifier 

. . Section 1 

Operational Amplifiers 

LM2878 Dual 5 Watt Power Audio Amplifier 

. . Section 1 

Operational Amplifiers 

LM2879 Dual 8 Watt Audio Amplifier 

. . Section 1 

Operational Amplifiers 

LM2896 Dual Power Audio Amplifier 

. . Section 1 

Operational Amplifiers 

LM2900 Quad Amplifier 

. . Section 1 

Operational Amplifiers 

LM2901 Low Power Low Offset Voltage Quad Comparator — — 

. . Section 3 

Operational Amplifiers 

LM2902 Low Power Quad Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM2903 Low Power Low Offset Voltage Dual Comparator 

. .Section 3 

Operational Amplifiers 

LM2904 Low Power Dual Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM2924 Low Power Operational Amplifier/Voltage Comparator 

. . Section 1 

Operational Amplifiers 

LM2925 Low Dropout Regulator with Delayed Reset 

. . Section 2 

Power ICs 

LM2926 Low Dropout Regulator with Delayed Reset 

. .Section 2 

Power ICs 

LM2927 Low Dropout Regulator with Delayed Reset 

. . Section 2 

Power ICs 

LM2930 3-Terminal Positive Regulator 

. .Section 2 

Power ICs 

LM2931 Series Low Dropout Regulators 

. .Section 2 

Power ICs 

LM2935 Low Dropout Dual Regulator 

. .Section 2 

Power ICs 

LM2936 Ultra-Low Quiescent Current 5V Regulator 

. . Section 2 

Power ICs 

LM2937 500 mA Low Dropout Regulator 

. .Section 2 

Power ICs 

LM2940/LM2940C 1 A Low Dropout Regulators 

. . Section 2 

Power ICs 

LM2941 /LM2941C 1 A Low Dropout Adjustable Regulators 

. .Section 2 

Power ICs 

LM2984 Microprocessor Power Supply System 

. . Section 2 

Power ICs 

LM2990 Negative Low Dropout Regulator 

. . Section 2 

Power ICs 

LM2991 Negative Low Dropout Adjustable Regulator 

. . Section 2 

Power ICs 

LM3001 Primary-Side PWM Driver 

. . Section 3 

Power ICs 

LM3045 T ransistor Array 

. .Section 5 

Operational Amplifiers 

LM3045 Transistor Array 

. . Section 1 

Operational Amplifiers 

LM3046 Transistor Array 

. . Section 5 

Operational Amplifiers 

LM3046 Transistor Array 

. . Section 1 

Operational Amplifiers 

LM3080 Operational Transconductance Amplifier 

. . Section 1 

Operational Amplifiers 

LM3086 Transistor Array 

. .Section 1 

Operational Amplifiers 

LM3086 T ransistor Array 

. . Section 5 

Operational Amplifiers 

LM3101 Secondary-Side PWM Controller 

. . Section 3 

Power ICs 

LM3146 High Voltage Transistor Array 

. . Section 5 

Operational Amplifiers 

LM3301 Quad Amplifier 

. .Section 1 

Operational Amplifiers 

LM3302 Low Power Low Offset Voltage Quad Comparator 

. .Section 3 

Operational Amplifiers 

LM3303 Quad Operational Amplifier 

. . Section 1 

Operational Amplifiers 

LM3403 Quad Operational Amplifier 

. .Section 1 

Operational Amplifiers 

LM341 1 Precision Secondary Regulator/Driver 

. . Section 3 

Power ICs 

LM3420-4.2, -8.4, -12.6 Lithium-Ion Battery Charge Controller 

. . Section 2 

Power ICs 

LM3524D Regulating Pulse Width Modulator 

. . Section 3 

Power ICs 
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Additional Available Linear Devices (Continued) 


LM3578A Switching Regulator Section 3 

LM3875 High Performance 40 Watt Audio Power Amplifier Section 1 

LM3900 Quad Amplifier Section 1 

LM3940 1 A Low Dropout Regulator for 5V to 3.3V Conversion Section 2 

LM3999 Precision Reference Section 4 

LM4040 Precision Micropower Shunt Voltage Reference Section 4 

LM4041 Precision Micropower Shunt Voltage Reference Section 4 

LM4250 Programmable Operational Amplifier . . Section 1 

LM4431 Micropower Shunt Voltage Reference Section 4 

LM6104 Quad Gray Scale Current Feedback Amplifier Section 1 

LM6104 Quad Gray Scale Current Feedback Amplifier Section 4 

LM61 18 Fast Settling Dual Operational Amplifier Section 1 

LM6121 High Speed Buffer Section 2 

LM6125 High Speed Buffer Section 2 

LM6132 Dual High Speed/Low Power 7 MHz Rail-to-Rail I/O 

Operational Amplifier Section 1 

LM6134 Quad High Speed/Low Power 7 MHz Rail-to-Rail I/O 

Operational Amplifier Section 1 

LM61 42 Dual High Speed/Low Power 1 7 MHz Rail-to-Rail 

Input-Output Operational Amplifier Section 1 

LM6144 Quad High Speed/Low Power 17 MHz Rail-to-Rail 

Input-Output Operational Amplifier Section 1 

LM6152 Dual High Speed/Low Power 45 MHz Rail-to-Rail 

Input-Output Operational Amplifier Section 1 

LM6154 Quad High Speed/Low Power 45 MHz Rail-to-Rail 

Input-Output Operational Amplifier Section 1 

LM6161 High Speed Operational Amplifier Section 1 

LM6162 High Speed Operational Amplifier Section 1 

LM6164 High Speed Operational Amplifier Section 1 

LM6165 High Speed Operational Amplifier Section 1 

LM6171 Voltage Feedback Low Distortion Low Power Operational 

Amplifier ..Section 1 

LM6181 100 mA, 100 MHz Current Feedback Amplifier Section 1 

LM6182 Dual 100 mA Output, 100 MHz Dual Current Feedback 

Amplifier Section 1 

LM6218 Fast Settling Dual Operational Amplifier Section 1 

LM6221 High Speed Buffer Section 2 

LM6225 High Speed Buffer Section 2 

LM6261 High Speed Operational Amplifier Section 1 

LM6262 High Speed Operational Amplifier Section 1 

LM6264 High Speed Operational Amplifier Section 1 

LM6265 High Speed Operational Amplifier Section 1 

LM6313 High Speed, High Power Operational Amplifier Section 1 

LM6321 High Speed Buffer Section 2 

LM6325 High Speed Buffer Section 2 

LM6361 High Speed Operational Amplifier Section 1 

LM6362 High Speed Operational Amplifier Section 1 

LM6364 High Speed Operational Amplifier .Section 1 

LM6365 High Speed Operational Amplifier Section 1 

LM651 1 1 80 ns 3V Comparator Section 3 
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Additional Available Linear Devices (Continued) 


LM7121 Tiny Very High Speed Low Power Voltage Feedback 

Amplifier Section 1 

LM7131 Tiny High Speed Single Supply Operational Amplifier Section 1 

LM7171 Very High Speed High Output Current Voltage Feedback 

Amplifier Section 1 

LM7800C Series 3-Terminal Positive Regulator Section 1 

LM8305 STN LCD Display Bias Voltage Source Section 4 

LM9140 Precision Micropower Shunt Voltage Reference Section 4 

LM 12434 12-Bit + Sign Data Acquisition System with Serial I/O and 

Self-Calibration Section 1 

LM 12454 12-Bit + Sign Data Acquisition System with 

Self-Calibration Section 1 

LM 12458 12-Bit + Sign Data Acquisition System with 

Self-Calibration Section 1 

LM 13600 Dual Operational Transconductance Amplifier with 

Linearizing Diodes and Buffers Section 1 

LM 13700 Dual Operational Transconductance Amplifier with 

Linearizing Diodes and Buffers Section 1 

LM18293 Four Channel Push-Pull Driver Section 4 

LM77000 Power Operational Amplifier Section 1 

LMC660 CMOS Quad Operational Amplifier Section 1 

LMC662 CMOS Dual Operational Amplifier Section 1 

LMC6001 Ultra Ultra-Low Input Current Amplifier Section 1 

LMC6008 8 Channel Buffer Section 4 

LMC6022 Low Power CMOS Dual Operational Amplifier Section 1 

LMC6024 Low Power CMOS Quad Operational Amplifier Section 1 

LMC6032 CMOS Dual Operational Amplifier Section 1 

LMC6034 CMOS Quad Operational Amplifier Section 1 

LMC6041 CMOS Single Micropower Operational Amplifier Section 1 

LMC6042 CMOS Dual Micropower Operational Amplifier Section 1 

LMC6044 CMOS Quad Micropower Operational Amplifier Section 1 

LMC6061 Precision CMOS Single Micropower Operational Amplifier. .Section 1 
LMC6062 Precision CMOS Dual Micropower Operational Amplifier . . .Section 1 
LMC6064 Precision CMOS Quad Micropower Operational Amplifier . .Section 1 

LMC6081 Precision CMOS Single Operational Amplifier Section 1 

LMC6082 Precision CMOS Dual Operational Amplifier Section 1 

LMC6084 Precision CMOS Quad Operational Amplifier Section 1 

LMC6462 Dual Micropower, Rail-to-Rail Input and Output CMOS 

Operational Amplifier Section 1 

LMC6464 Quad Micropower, Rail-to-Rail Input and Output CMOS 

Operational Amplifier Section 1 

LMC6482 CMOS Dual Rail-to-Rail Input and Output Operational 

Amplifier Section 1 

LMC6484 CMOS Quad Rail-to-Rail Input and Output Operational 

Amplifier Section 1 

LMC6492 Dual CMOS Rail-to-Rail Input and Output Operational 

Amplifier Section 1 

LMC6494 Quad CMOS Rail-to-Rail Input and Output Operational 

Amplifier Section 1 

LMC6572 Dual Low Voltage (3V) Operational Amplifier Section 1 

LMC6574 Quad Low Voltage (2.7V) Operational Amplifier Section 1 
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Additional Available Linear Devices (continued) 


LMC6582 Dual Low Voltage, Rail-to-Rail Input and Output CMOS 
Operational Amplifier 

Section 1 

Operational Amplifiers 

LMC6584 Quad Low Voltage, Rail-to-Rail Input and Output CMOS 
Operational Amplifier 

Section 1 

Operational Amplifiers 

LMC6681 Single Low Voltage, Rail-to-Rail Input and Output CMOS 
Amplifier with Powerdown 

Section 1 

Operational Amplifiers 

LMC6682 Dual Low Voltage, Rail-to-Rail Input and Output CMOS 
Amplifier with Powerdown 

Section 1 

Operational Amplifiers 

LMC6684 Quad Low Voltage, Rail-to-Rail Input and Output CMOS 
Amplifier with Powerdown 

Section 1 

Operational Amplifiers 

LMC6762 Dual Micropower, Rail-to-Rail Input and Output CMOS 
Comparator 

Section 3 

Operational Amplifiers 

LMC6764 Quad Micropower, Rail-to-Rail Input and Output CMOS 
Comparator 

Section 3 

Operational Amplifiers 

LMC6772 Dual Micropower Rail-to-Rail Input and Open Drain Output 
CMOS Comparator 

.Section 3 

Operational Amplifiers 

LMC6774 Quad Micropower Rail-to-Rail Input and Open Drain Output 
CMOS Comparator 

Section 3 

Operational Amplifiers 

LMC71 01 Tiny Low Power Operational Amplifier with Rail-to-Rail 

Input and Output 

Section 1 

Operational Amplifiers 

LMC71 1 1 Tiny CMOS Operational Amplifier with Rail-to-Rail Input 



and Output 

. Section 1 

Operational Amplifiers 

LMC721 1 Tiny CMOS Comparator with Rail-to-Rail Input 

Section 3 

Operational Amplifiers 

LMC7221 Tiny CMOS Comparator with Rail-to-Rail Input and Open 
Drain Output 

.Section 3 

Operational Amplifiers 

LMC7660 Switched Capacitor Voltage Converter 

.Section 3 

Power ICs 

LMD18200 3A, 55V H-Bridge 

. Section 4 

Power ICs 

LMD18201 3A, 55V H-Bridge 

. Section 4 

Power ICs 

LMD18245 3A, 55V DMOS Full-Bridge Motor Driver 

. Section 4 

Power ICs 

LMF40 High Performance 4th-Order Switched Capacitor Butterworth 



Low-Pass Filter 

. Section 7 

Data Acquisition 

LMF60 High Performance 6th-Order Switched Capacitor Butterworth 
Low-Pass Filter 

. Section 7 

Data Acquisition 

LMF90 4th-Order Elliptic Notch Filter 

. Section 7 

Data Acquisition 

LMF100 High Performance Dual Switched Capacitor Filter 

. Section 7 

Data Acquisition 

LMF380 Triple One-Third Octave Switched Capacitor Active Filter . . 

. Section 7 

Data Acquisition 

LP311 Voltage Comparator 

. Section 3 

Operational Amplifiers 

LP339 Ultra-Low Power Quad Comparator 

. Section 3 

Operational Amplifiers 

LP395 Ultra Reliable Power Transistor 

. Section 5 

Operational Amplifiers 

LP2950/A-XX Series of Adjustable Micropower Voltage Regulators . 

.Section 2 

Power ICs 

LP2951 /A-XX Series of Adjustable Micropower Voltage Regulators . 

. Section 2 

Power ICs 

LP2952 Adjustable Micropower Low-Dropout Voltage Regulator 

. Section 2 

Power ICs 

LP2953 Adjustable Micropower Low-Dropout Voltage Regulator 

. Section 2 

Power ICs 

LP2954 5V Micropower Low-Dropout Voltage Regulator 

. Section 2 

Power ICs 

LP2956 Dual Micropower Low-Dropout Voltage Regulator 

. Section 2 

Power ICs 

LP2957 5V Low-Dropout Regulator for julP Applications 

.Section 2 

Power ICs 

LP2980 Micropower SOT, 50 mA Ultra Low-Dropout Regulator 

. Section 2 

Power ICs 

LPC660 Low Power CMOS Quad Operational Amplifier — 

. Section 1 

Operational Amplifiers 

LPC661 Low Power CMOS Operational Amplifier 

. Section 1 

Operational Amplifiers 

LPC662 Low Power CMOS Dual Operational Amplifier 

. Section 1 

Operational Amplifiers 

MF4 4th Order Switched Capacitor Butterworth Lowpass Filter — . 

. Section 7 

Data Acquisition 
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Additional Available Linear Devices (Continued) 


MF5 Universal Monolithic Switched Capacitor Filter Section 7 

MF6 6th Order Switched Capacitor Butterworth Lowpass Filter Section 7 

MF8 4th Order Switched Capacitor Bandpass Filter Section 7 

MF10 Universal Monolithic Dual Switched Capacitor Filter .Section 7 

OP07 Low Offset, Low Drift Operational Amplifier Section 1 

Packing Considerations (Methods, Materials and Recycling) Section 5 

Packing Considerations (Methods, Materials and Recycling) Section 6 

Packing Considerations (Methods, Materials and Recycling) Section 9 

Recommended Soldering Profiles — Surface Mount Section 9 

Recommended Soldering Profiles— Surface Mount Section 6 

Recommended Soldering Profiles — Surface Mount Section 5 

TL081 Wide Bandwidth JFET Input Operational Amplifier Section 1 

TL082 Wide Bandwidth Dual JFET Input Operational Amplifier Section 1 
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LM837 Low Noise Quad Operational Amplifier 1 -283 

LM6142 Dual and LM6144 Quad High Speed/Low Power 17 MHz Rail-to-Rail Input-Output 
Operational Amplifiers 1-289 
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Audio Power Amp Selection Guide 



National Semiconductor 

Audio Power Amp Selection Guide 


Supply 

Voltage 

Part 

Number 

Power (THD £l%Typ) 

Power Specified as Continuous RMS 

Power (THD <M0%Typ) 

Power Specified as Continuous RMS 

4a 

8a 

16 a 

4a 

8a 

i6a 

3V 

LM4860 

0.6W 

0.4W 

0.2W 

0.76W 

0.5W 

0.3W 


LM4861 

0.6W 

0.4W 

0.2W 

0.76W 

0.5W 

0.3W 


LM831 

0.1W 

0.07W 

NA 

0.1 5W 

0.44W 

NA 

5V 

LM4860 

1.55W 

1.15W 

0.6W 

1.9W 

1.45W 

0.85W 


LM4861 

1.3W 

1.1 5W 

0.6W 

1.75W 

1.45W 

0.85W 


LM4862 

NA 

0.350W 

NA 

NA 

0.5W 

NA 


LM4880 

NA 

0.200W 

NA 

NA 

0.3W 

NA 

(Vs = 6V) 

LM386 

0.25W 

0.25W 

0.1 5W 

0.32W 

0.3W 

0.2W 

<0 

II 

§ 

LM388 

0.6W 

0.35W 

0.25W 

0.8W 

0.5W 

0.35W 


LM831 

0.25W 

0.1W 

NA 

0.4W 

0.44W 

NA 

<0 

II 

§ 

LM1896 

0.7W 

0.45W 

NA 

1.1W 

1.3W 

NA 

12V 

LM380 

1.5W 

1W 

NA 

2.25W 

1.5W 

NA 


LM383 

3.5W 

NA 

NA 

4.7W 

NA 

NA 


LM384 

NA 

NA 

NA 

1.75W 

NA 

NA 


LM386 

0.25W 

0.6W 

0.6W 

0.35W 

0.8W 

0.95W 


LM1877 

1.5W 

1W 

0.55W 

1.75W 

1.3W 

0.75W 


LM2877 

1.5W 

1W 

0.55W 

1.75W 

1.3W 

0.75W 


LM2878 

1.5W 

1W 

0.55W 

2W 

1.3W 

0.75W 


LM2896 

3W 

2W 

NA 

4.25W 

2.5W 

NA 

14V 

LM380 

2.5W 

1.75W 

NA 

3.25W 

2.25W 

NA 


LM383 

2W 

NA 

NA 

5.5W 

NA 

NA 


LM384 

NA 

NA 

NA 

3.25W 

NA 

NA 

S' 

CO 

II 

§ 

LM386 

NA 

0.6W 

1W 

NA 

0.8W 

1.6W 


LM1877 

2W 

1.3W 

0.85W 

2.5W 

1.75W 

1W 


LM2877 

2W 

1.3W 

0.85W 

2.75W 

1.75W 

1W 


LM2878 

2W 

1.3W 

0.85W 

2.75W 

1.75W 

1W 


LM2879 

NA 

1.25W 

NA 

NA 

2W 

NA 

20V & Above 








(V S = 20V) 

LM1877 

2W 

2W 

NA 

2.5W 

3W 

NA 

(V S = 20V) 

LM2877 

2.5W 

3W 

1.75W 

3.7W 

4.25W 

2.3W 

(V S = 20V) 

LM2878 

NA 

4W 

NA 

NA 

4.75W 

NA 

(V S = 28V) 

LM2879 

NA 

7W 

NA 

NA 

8W 

NA 

(V S = 22V) 

LM380 

NA 

4W 

2.5W 

NA 

5W 

3.25W 

(V S = 26V) 

LM384 

NA 

5.5W 

NA 

2.5W 

7W 

5W 

(V s = ±40V) 

LM391 * 

NA 

80W* 

NA 

NA 

NA 

NA 

(V S = ±25V) 

LM1875 

20W 

20W 

NA 

25W 

30W 

NA 

(V S = ±22V) 

LM1876 

15W 

15W 

NA 

NA 

20W 

NA 

§ 

+1 

II 

£ 

LM2876 

25W 

40W 

22W 

35W 

50W 

26W 

& 

-H 

II 

§ 

LM3875 

45W (V s = ±25V) 

56W 

30W 

56W (V s = ±25V) 

70W 

39W 

(Vs = ±35V) 

LM3876 

45W (V s = +25V) 

56W 

30W 

56W (V s = ± 25V) 

70W 

39W 

(V S - ±35V) 

LM3886 

68W (V s = +28V) 

63W 

33W 

87W (V s = +28V) 

78W 

41 W 


* The LM391 is an Audio Power Driver designed to drive external transistors. 
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Audio Power Amp Selection Guide (Continued) 


Typical THD 

THD Measurement 

Supply 

Single/ 

Package 

Ratings 

Conditions 

Range (V) 

Dual 

(Pin Count) 

0.72% 

Po = 1W 

@ V S = 5V 

2.7V to 5.5V 

Single 

SO(16) 

0.45% 

Po = 0.5W 

@ V s = 5V 

2.7V to 5.5V 

Single 

SO(8) 

0.25% 

Po = 0.05W 

@ V s = 3V 

1.8V to 6V 

Dual 

DIP(16), SO(16) 

0.72% 

Po = 1W 

@ V s = 5V 

2.7V to 5.5V 

Single 

SO(1 6) 

0.45% 

Po = 0.5W 

@ V s = 5V 

2.7V to 5.5V 

Single 

SO(8) 

0.45% 

Po = 0.35W 

@ V s = 5V 

2.7V to 5V 

Single 

SO(8) 

0.10% 

Po = 0.2W 

@ V s = 5V 

2.7V to 5V 

Dual 

SO(8) 

0.25% 

Po = 0.125W 

@ V s = 6V 

4V to 18V 

Single 

SO(8), DIP(8) 

0.10% 

Po = 0.5W 

@ V s = 12V 

4V to 12V 

Single 

DIP(14) 

0.25% 

Po = 0.05 

@ V s = 3V 

1 .8V to 6V 

Dual 

DIP(1 6), SO(1 6) 

0.11% 

Po = 0.5W 

@ V s = 6V 

3V to 10V 

Dual 

DIP(14) 

0.50% 

Po = 4W 

@ V s = 22V 

10V to 22 V 

Single 

DIP(14), DIP(8) 

0.20% 

Po = 2W 

@ V s = 14.4V 

5V to 20V 

Single 

TO-220(5) 

0.25% 

Po = 4W 

@ V s = 22V 

12V to 26 V 

Single 

DIP(14) 

0.25% 

| Po = 0.125W@ V s = 6V 

4V to 18V 

Single 

SO(8), DIP(8) 

0.055% 

Po = 1W 

@ V s = 14V 

6V to 24V 

Dual 

DIP(14), SO(14) 

0.07% 

Po = 1W 

@ V s = 14V 

6V to 24 V 

Dual 

SIP(11) 

0.14% 

Po = 2W 

@ V s = 22V 

6V to 32V 

Dual 

SIP(11) 

0.14% 

Po = 1W 

@ V s = 12V 

3V to 15V 

Dual 

SIP(11) 

0.20% 

Po = 4W 

@ V s = 22 V 

10V to 22 V 

Single 

DIP(14), DIP(8) 

0.20% 

Po = 2W 

@ V s = 14.4V 

5V to 20V 

Single 

TO-220(5) 

0.25% 

Po = 4W 

@ V s = 22V 

12V to 26 V 

Single 

DIP(14) 

0.25% 

Po = 0.125W @ V s = 6V 

4V to 1 8 V 

Single 

SO(8), DIP(8) 

0.055% 

Po = 1W 

@ V s = 14V 

6V to 24V 

Dual 

DIP(14), SO(14) 

0.07% 

Po = 1W 

@ V s = iv 

6V to 24V 

Dual 

SIP(11) 

0.15% 

Po = 2W 

@ V s = 22 V 

6V to 32 V 

Dual 

SIP(11) 

0.05% 

Po = 1W 

@ V s = 12V 

6V to 32V 

Dual 

TO-220(1 1) 

0.055% 

Po = 1W 

@ V s = 14V 

6V to 24V 

Dual 

, DIP(14), SO(14) 

0.07% 

Po - 1W 

@ V s = IV 

6V to 24V 

Dual 

SIP(11) 

0.15% 

Po = 2W 

@ V s = 22V 

6V to 32V 

Dual 

SIP(11) 

0.05% 

Po = 1W 

@ V s = 12V 

6V to 32V 

Dual 

TO-220(1 1) 

0.20% 

Po = 4W 

@ V S = 22V 

10V to 22 V 

Single 

DIP(14), DIP(8) 

0.25% 

Po = 4W 

@ V s = 22V 

12V to 26V 

Single 

DIP(14) 

0.01% 


* 

± 1 0V to ±50V 

Single 

DIP(16) 

0.02% 

Po = 20W 

@ V s = ± 25V 

16V to 60 V 

Single 

TO-220(5) 

0.08% 

[ Po = 15W/ch@ V s = ±22V 

20V to 54V 

Dual 

TO-220(15)** 

0.06% 

Po = 25W 

@ V s = +30V 

20V to 60V 

Single 

10-220(11)** 

0.06% 

Po = 40W 

@ V S = ±35V 

20V to 84V 

Single 

TO-220(1 1)** 

0.06% 

Po = 40W 

@ V s = ±35V 

20V to 84V 

Single 

TO-220(1 1)** 

0.03% 

Po = 60W 

@ V s = ± 28V 

20V to 84V 

Single 

TO-220(1 1)** 


** Isolated packages available. 
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Audio Power Amp Selection Guide 



LM380 


National Semiconductor 

LM380 Audio Power Amplifier 

General Description 

The LM380 is a power audio amplifier for consumer applica- 
tion. In order to hold system cost to a minimum, gain is 
internally fixed at 34 dB. A unique input stage allows inputs 
to be ground referenced. The output is automatically self 
centering to one half the supply voltage. 

The output is short circuit proof with internal thermal limiting. 

The package outline is standard dual-in-line. A copper lead 
frame is used with the center three pins on either side com- 
prising a heat sink. This makes the device easy to use in 
standard p-c layout. 

Uses include simple phonograph amplifiers, intercoms, line 
drivers, teaching machine outputs, alarms, ultrasonic driv- 
ers, TV sound systems, AM-FM radio, small servo drivers, 
power converters, etc. 


A selected part for more power on higher supply voltages is 
available as the LM384. For more information see AN-69. 

Features 

■ Wide supply voltage range 

■ Low quiescent power drain 

■ Voltage gain fixed at 50 

■ High peak current capability 

■ Input referenced to GND 

■ High input impedance 

■ Low distortion 

■ Quiescent output voltage is at one-half of the supply 
voltage 

■ Standard dual-in-line package 



Connection Diagrams (Dual-ln-Line Packages, Top View) 



See NS Package Number N14A 

Block and Schematic Diagrams 



See NS Package Number N08E 




BYPASS V s 
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Absolute Maximum Ratings 


If Military/ Aerospace specified devices are required, 

Operating Temperature 

0°C to +70°C 

please contact the National Semiconductor 

Sales 

Junction Temperature 

+ 150°C 

Office/Distributors for availability and specifications. 

Lead Temperature (Soldering, 10 sec.) 

+ 260°C 

Supply Voltage 

22V 

ESD rating to be determined 


Peak Current 

1.3A 

Thermal Resistance 


Package Dissipation 14-Pin DIP (Notes 6 and 7) 

8.3W 

0JC (14-Pin DIP) 

30°C/W 

Package Dissipation 8-Pin DIP (Notes 6 and 7) 

1.67W 

0j C (8-Pin DIP) 

37°C/W 

Input Voltage 

+ 0.5V 

0 JA (14-Pin DIP) 

79°C/W 

Storage T emperature - 65°C to + 1 50°C 

0 JA (8-Pin DIP) 

1 07°C/W 


Electrical Characteristics (Note n 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

P OUT(RMS) 

Output Power 

R l = 8 ft, THD = 3% (Notes 3, 4) 

2.5 



W 

A V 

Gain 


40 

50 

60 

v/v 

V OUT 

Output Voltage Swing 

R|_ = 8ft 


14 


Vp-P 

Z|N 

Input Resistance 



150k 


ft 

THD 

Total Harmonic Distortion 

(Notes 4, 5) 


0.2 


% 

PSRR 

Power Supply Rejection Ratio 

(Note 2) 


38 


dB 

Vs 

Supply Voltage 


10 


22 

V 

BW 

Bandwidth 

Pout = 2W, R L = 8ft 


100k 


Hz 

'Q 

Quiescent Supply Current 



7 

25 

mA 

VOUTQ 

Quiescent Output Voltage 


8 

9.0 

10 

V 

■bias 

Bias Current 

Inputs Floating 


100 



■sc 

Short Circuit Current 



1.3 


mm 


Note 1: Vg = 18V and Ta = 25°C unless otherwise specified. 

Note 2: Rejection ratio referred to the output with Cbypass = 5 ju,F. 

Note 3: With device Pins 3, 4, 5, 10, 1 1, 12 soldered into a Vie" epoxy glass board with 2 ounce copper foil with a minimum surface of 6 square inches. 
Note 4: Cbypass = 0-47 jufd on Pin 1 . 

Note 5: The maximum junction temperature of the LM380 is 1 50°C. 

Note 6: The package is to be derated at 1 5°C/W junction to heat sink pins for 1 4-pin pkg; 75°C/W for 8-pin. 


Heat Sink Dimensions 



Staver Heat Sink #V-7 
Staver Company 
41 Saxon Ave. 

P.O. Drawer H 
Bayshore, NY 11706 
Tel: (516) 666-8000 
Copper Wings 
2 Required 
Soldered to 
Pins 3, 4, 5, 

10 , 11 , 12 
Thickness 0.04 
Inches 


TL/H/6977-6 
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LM380 







LM380 


Typical Performance Characteristics 


Maximum Device Dissipation vs 
Ambient Temperature 


INFINITE HEAT SINK 


STAVER V-7 
COPPER WINGS 


6 IN. SQ. 

- COPPER - 


15°C/W 


8 
7 
6 
5 
4 
3 
2 
1 
0 

0 10 20 30 40 50 60 70 80 90 100 

T A - AMBIENT TEMPERATURE (°C) 

Note: 2 oz. copper foil, single-sided PC board. 


2 IN. SQ. 

COPPER FOIL (P.C. BOARD) 


35°C/W . 
40°C/W — J 
50°C/W 1 
85°C/W 


TL/H/6977-12 


Device Dissipation vs Output 
Power— 4a Load 


Device Dissipation vs Output 
Power— 8a Load 
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LM383/LM383A 



National Semiconductor 


LM383/LM383A 7W Audio Power Amplifier 


General Description 

The LM383 is a cost effective, high power amplifier suited 
for automotive applications. High current capability (3.5A) 
enables the device to drive low impedance loads with low 
distortion. The LM383 is current limited and thermally pro- 
tected. High voltage protection is available (LM383A) which 
enables the amplifier to withstand 40V transients on its sup- 
ply. The LM383 comes in a 5-pin TO-220 package. 


Features 

■ High peak current capability (3.5A) 

■ Large output voltage swing 

■ Externally programmable gain 

■ Wide supply voltage range (5V-20V) 

■ Few external parts required 

■ Low distortion 

■ High input impedance 

■ No turn-on transients 

■ High voltage protection available (LM383A) 

■ Low noise 

■ AC short circuit protected 


Equivalent Schematic 



TL/H/7145-1 


Connection Diagram 

Plastic Package 


5 5 SUPPLY VOLTAGE 

^ 4 OUTPUT 
5 3 GROUND 

^ 2 INVERTING INPUT 
y 1 NON-INVERTING INPUT 


Order Number LM383T or LM383AT 
See NS Package Number T05B 



TL/H/7145-2 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Peak Supply Voltage (50 jpns) 

LM383A (Note 2) 40V 

LM383 25V 

Operating Supply Voltage 20 V 

Output Current 

Repetitive 3. 5 A 

Non-repetitive 4.5A 

Electrical Characteristics Vs = 14.4V, Tjab = 25°C, Av = 100 (40 dB), R L = 411, unless otherwise specified 


Input Voltage ±0.5V 

Power Dissipation (Note 3) 1 5W 

Operating T emperature 0°C to + 70°C 

Storage T emperature - 60°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 260°C 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DC Output Level 


6.4 

7.2 

8 

V 

Quiescent Supply Current 

Excludes Current in Feedback Resistors 


45 

80 

mA 

Supply Voltage Range 


5 


20 

V 

Input Resistance 



150 


kH 

Bandwidth 

Gain = 40 dB 


30 


kHz 

Output Power 

V s = 13.2V, f = 1 kHz 

R L = 411, THD = 10% 


4.7 


W 


R l = 211, THD = 10% 

V s = 13.8V, f = 1 kHz 


7.2 


W 


R L = 4H, THD = 10% 


5.1 


W 


R L = 2a THD = 10% 

V s = 14.4V, f = 1 kHz 


7.8 


W 


R l = 4a THD = 10% 

4.8 

5.5 


W 


R l = 2a THD = 10% 

7 

8.6 


W 


R l = 1. 611, THD = 10% 

V s = 16V, f = 1 kHz 


9.3 


W 


R L = 411, THD = 10% 


7 


W 


R L = 211, THD = 10% 


10.5 


W 


R l = 1. 611, THD = 10% 


11 


W 

THD 

P 0 = 2W, R l = 4a f = 1 kHz 


0.2 


% 


P 0 = 4W, R L = 2a f = 1 kHz 


0.2 


% 

Ripple Rejection 

R s = 5011, f = 100 Hz 

30 

40 


dB 


R s = 5011, f = 1 kHz 


44 


dB 

Input Noise Voltage 

Rs = 0, 1 5 kHz Bandwidth 


2 



Input Noise Current 

Rs = 100 kH, 15 kHz Bandwidth 


40 


pA 


Note 1: A 0.2 juF capacitor in series with a 1ft resistor should be placed as close as possible to pins 3 and 4 for stability. 

Note 2: The LM383 shuts down above 25V. 

Note 3: For operating at elevated temperatures, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance of 4°C/W 
junction to case. 
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LM383/LM383A 


Typical Performance Characteristics 


Device Dissipation vs 



0 10 20 30 40 50 60 70 80 

T A - AMBIENT TEMPERATURE fC) 


Power Dissipation vs 
Output Power 



Power Dissipation vs 
Output Power 



0 2 4 6 8 10 12 14 16 18 

OUTPUT POWER (W) 


Open Loop Gain 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Supply Ripple Rejection 
vs Frequency 



FREQUENCY (Hz) 


Supply Current vs 
Supply Voltage 



0 2 4 6 8 10 12 14 16 18 20 

^SUPPLY <V) 


Output Power vs 



0 2 4 6 8 10 12 14 16 18 20 

^SUPPLY < v > 


Distortion vs Output Power 
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linn i ij® 
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HU If 
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OUTPUT POWER (W) 


Distortion vs Frequency 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


Distortion vs Frequency 



20 50 100 200 500 Ik 2k 5k 10k 20k 
FREQUENCY (Hz) 


Output Swing vs 
Supply Voltage 



0 2 4 6 8 10 12 14 16 18 20 

^SUPPLY (V) 


TL/H/7145-4 
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Typical Applications 

Single Amplifier 



v S 

14.4V 


v s 


14.4V 


SIGNAL 

INPUT 



Component Layout 

Single Amplifier 
V s = 20V 
R l = 4fi 


Heatsink from: 

Staver Company 
41 Saxon Ave. 

P.O. Drawer H 
Bay Shore, NY 11706 
Tel: (516) 666-8000 



TL/H/7145-5 


* Staver V-5 
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LM384 


National Semiconductor 


LM384 5W Audio Power Amplifier 

General Description 

The LM384 is a power audio amplifier for consumer applica- 
tion. In order to hold system cost to a minimum, gain is 
internally fixed at 34 dB. A unique input stage allows inputs 
to be ground referenced. The output is automatically self- 
centering to one half the supply voltage. 

The output is short-circuit proof with internal thermal limit- 
ing. The package outline is standard dual-in-line. A copper 
lead frame is used with the center three pins on either side 
comprising a heat sink. This makes the device easy to use 
in standard p-c layout 

Uses include simple phonograph amplifiers, intercoms, line 
drivers, teaching machine outputs, alarms, ultrasonic driv- 
ers, TV sound systems, AM-FM radio, sound projector sys- 
tems, etc. See AN-69 for circuit details. 


Features 

■ Wide supply voltage range 

■ Low quiescent power drain 

■ Voltage gain fixed at 50 

■ High peak current capability 

■ Input referenced to GND 

■ High input impedance 

■ Low distortion 

■ Quiescent output voltage is at one half of the supply 
voltage 

■ Standard dual-in-line package 



Schematic Diagram 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 28 V 

Peak Current 1 .3 A 

Power Dissipation (See Notes 3 and 4) 1 .67W 

Input Voltage ±0.5V 


Storage T emperature - 65°C to + 1 50°C 

Operating T emperature 0°C to + 70°C 

Lead Temperature (Soldering, 10 sec.) 260°C 

Thermal Resistance 

0jC 30°C/W 

0j A 79°C/W 


Electrical Characteristics (Notei) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Z|N 

Input Resistance 



150 


ka 

•bias 

Bias Current 

Inputs Floating 


100 


nA 

A V 

Gain 


40 

50 

60 

V/V 

p OUT 

Output Power 

THD = 10%, R L = 8H 

5 

5.5 


W 

•q 

Quiescent Supply Current 



8.5 

25 

mA 

VOUTQ 

Quiescent Output Voltage 



11 


V 

BW 

Bandwidth 

Pout = 2W, r l = 8a 


450 


kHz 

V + 

Supply Voltage 


12 


26 

V 

•sc 

Short Circuit Current (Note 5) 



1.3 


A 

PSRRrjo 

Power Supply Rejection Ratio 
(Note 2) 



31 


dB 

THD 

Total Harmonic Distortion 

p OUT ~ 4W, R|_ = 80 


0.25 

1.0 

% 


Note 1: V+ = 22V and Ta = 25°C operating with a Staver V7 heat sink for 30 seconds. 

Note 2: Rejection ratio referred to the output with Cbypass = 5 juF, freq = 120 Hz. 

Note 3: The maximum junction temperature of the LM384 is 1 50°C. 

Note 4: The package is to be derated at 1 5°C/W junction to heat sink pins. 

Note 5: Output is fully protected against a shorted speaker condition at all voltages up to 22V. 


Heat Sink Dimensions 

Staver Company 
41 Saxon Ave. 

P.O. Drawer H 
Bay Shore, N.Y. 

Tel: (516) 666-8000 


Staver “V7” Heat Sink 



TL/H/7843-4 
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POWER SUPPLY CURRENT {mA) TOTAL HARMONIC DISTORTION (%) DEVICE DISSIPATION (W) 


Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 



10 20 30 40 SO 60 70 8 

T A - AMBIENT TEMPERATURE ( C) 


Thermal Resistance vs 
Square Inches 



0 1 2 3 4 5 

SQUARE INCHES OF COPPER FOIL 
P.C. BOARD HEAT SINK 


Supply Decoupling vs 
Frequency 
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Total Harmonic Distortion 
vs Output Power 



1.0 

OUTPUT POWER (W) 


Output Voltage Gain vs 
Frequency 
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vs Frequency 
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Power Supply Current vs 
Supply Voltage 



10 14 18 22 26 30 

SUPPLY VOLTAGE (V) 


Device Dissipation vs 
Output Power— 16a Load 




Device Dissipation vs 
Output Power — 8a Load 


£ 3% OIST. level. 

- __ 10% OIST. LEVEL_ 

STAVER "Ml" HEAT SINK 
123456789 10 
OUTPUT POWER <W) 


Device Dissipation vs 
Output Power — 4a Load 



| STAVER "Vr HEAT SINK | 
1 2 3 4 5 

OUTPUT POWER (W) 
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Block and Connection Diagrams 




Typical Applications 


Typical 5W Amplifier 

+22V 



TL/H/7843-6 


Bridge Amplifier 


O.ljuF 



TL/H/7843-7 




Typical Applications (Continued) 


Intercom 



TL/H/7843-8 


Phase Shift Oscillator 


Vs 



TL/H/7843-9 






N a t ion a l 


Semiconductor 


LM386 Low Voltage Audio Power Amplifier 


General Description 

The LM386 is a power amplifier designed for use in low 
voltage consumer applications. The gain is internally set to 
20 to keep external part count low, but the addition of an 
external resistor and capacitor between pins 1 and 8 will 
increase the gain to any value up to 200. 

The inputs are ground referenced while the output is auto- 
matically biased to one half the supply voltage. The quies- 
cent power drain is only 24 milliwatts when operating from a 
6 volt supply, making the LM386 ideal for battery operation. 

Features 

■ Battery operation 

■ Minimum external parts 

■ Wide supply voltage range 4V-12V or 5V-18V 

■ Low quiescent current drain 4 mA 


■ Voltage gains from 20 to 200 

■ Ground referenced input 

■ Self-centering output quiescent voltage 

■ Low distortion 

■ Eight pin dual-in-line package 

Applications 

■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 

■ Intercoms 

■ TV sound systems 

■ Line drivers 

■ Ultrasonic drivers 

■ Small servo drivers 

■ Power converters 


Equivalent Schematic and Connection Diagrams 


6 



Dual-ln-Line and Small Outline 
Packages 



Order Number LM386M-1, 
LM386N-1, LM386N-3 or LM386N-4 
See NS Package Number 
M08A or N08E 


Amplifier with Gain = 20 


Minimum Parts 

Vs 



Amplifier with Gain = 200 
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LM386 


Absolute Maximum Ratings 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 sec) + 260°C 

Small Outline Package 

Vapor Phase (60 sec) +215°C 

Infrared (1 5 sec) + 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Thermal Resistance 

0jC (DIP) 37°C/W 

0 ja (DIP) 107°C/W 

0jc (SO Package) 35°C/W 

0j A (SO Package) 172°C/W 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Operating Supply Voltage (Vs) 
LM386N-1, -3, LM386M-1 


4 


12 

V 

LM386N-4 


5 


18 

V 

Quiescent Current (Iq) 

Vg = 6V, V||sj = 0 


4 

8 

mA 

Output Power (Pout) - x 

LM386N-1, LM386M-1 

V s = 6V, R L = 8a, THD = 10 % 

250 

325 


mW 

LM386N-3 

V S = 9V, R L = 8a, THD = 10 % 

500 

700 


mW 

LM386N-4 

V s = 16 V, R l = 32a, THD = 10 % 

700 

1000 


mW 

Voltage Gain (Ay) 

V s = 6V, f = 1 kHz 




dB 


10 julF from Pin 1 to 8 




dB 

Bandwidth (BW) 

Vs = 6V, Pins 1 and 8 Open 




kHz 

Total Harmonic Distortion (THD) 

v s = 6V, r l = 8a, Pqut = 125 mw 
f = 1 kHz, Pins 1 and 8 Open 




% 

Power Supply Rejection Ratio (PSRR) 

Vs = 6V, f — 1 kHz, CbypASS = 1 0 juF 
Pins 1 and 8 Open, Referred to Output 


50 


dB 

Input Resistance (Rin) 





ka 

Input Bias Current (Ibias) 

Vs = 6V, Pins 2 and 3 Open 




nA 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and 1) a thermal 
resistance of 80°C/W junction to ambient for the dual-in-line package and 2) a thermal resistance of 170°C/W for the small outline package. 


If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage (LM386N-1 , -3, LM386M-1 ) 1 5V 

Supply Voltage (LM386N-4) 22 V 

Package Dissipation (Note 1 ) (LM386N) 1 .25W 

(LM386M) 0.73W 

Input Voltage +0.4V 

Storage Temperature -65°C to + 1 50°C 

Operating Temperature 0°Cto-f-70°C 

Junction Temperature +150°C 


Electrical Characteristics t a = 2s°c 


Application Hints 

GAIN CONTROL 

To make the LM386 a more versatile amplifier, two pins (1 
and 8) are provided for gain control. With pins 1 and 8 open 
the 1.35 ka resistor sets the gain at 20 (26 dB). If a capaci- 
tor is put from pin 1 to 8, bypassing the 1 .35 kfl resistor, the 
gain will go up to 200 (46 dB). If a resistor is placed in series 
with the capacitor, the gain can be set to any value from 20 
to 200. Gain control can also be done by capacitively cou- 
pling a resistor (or FET) from pin 1 to ground. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For example, 
we can compensate poor speaker bass response by fre- 
quency shaping the feedback path. This is done with a se- 
ries RG from pin 1 to 5 (paralleling the internal 1 5 ka resis- 
tor). For 6 dB effective bass boost: R = 1 5 kfl, the lowest 
value for good stable operation is R = 10 kfl if pin 8 is 
open. If pins 1 and 8 are bypassed then R as low as 2 kfl 
can be used. This restriction is because the amplifier is only 
compensated for closed-loop gains greater than 9. 


INPUT BIASING 

The schematic shows that both inputs are biased to ground 
with a 50 kfl resistor. The base current of the input transis- 
tors is about 250 nA, so the inputs are at about 12.5 mV 
when left open. If the dc source resistance driving the 
LM386 is higher than 250 kfl it will contribute very little 
additional offset (about 2.5 mV at the input, 50 mV at the 
output). If the dc source resistance is less than 10 ka, then 
shorting the unused input to ground will keep the offset low 
(about 2.5 mV at the input, 50 mV at the output). For dc 
source resistances between these values we can eliminate 
excess offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 
course all offset problems are eliminated if the input is ca- 
pacitively coupled. 

When using the LM386 with higher gains (bypassing the 
1 .35 ka resistor between pins 1 and 8) it is necessary to 
bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a 0.1 juF capaci- 
tor or a short to ground depending on the dc source resist- 
ance on the driven input. 
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Typical Performance Characteristics 


Quiescent Supply Current 
vs Supply Voltage 



4 5 6 7 8 9 10 11 12 

SUPPLY VOLTAGE (VOLTS) 


Power Supply Rejection Ratio 
(Referred to the Output) 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Peak-to-Peak Output Voltage 
Swing vs Supply Voltage 


mmm 


5 6 7 8 9 10 11 12 

SUPPLY VOLTAGE (VOLTS) 


Voltage Gain vs Frequency 


Distortion vs Frequency 


Distortion vs Output Power 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 
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Device Dissipation vs Output 
Power — 4ft Load 















V s 

12V 




n 



V s *SV 

J: 

tXTHD 


K 


-EVEL 


6V 


0XTHD 

EVEL 

1 

£□ 



IZZJ 
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OUTPUT POWER (W) 


Device Dissipation vs Output 
Power— 8ft Load 


Device Dissipation vs Output 
Power— 16ft Load 
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OUTPUT POWER (W) 
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Typical Applications (Continued) 


Amplifier with Gain = 50 



TL/H/6976-6 


Amplifier with Bass Boost 

Vs 



TL/H/6976-8 


Low Distortion Power Wlenbridge Oscillator 



TL/H/6976-7 


Square Wave Oscillator 



TL/H/6976-9 


Frequency Response with Bass Boost 



20 50 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hz) 


TL/H/6976-10 
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Typical Applications (Continued) 


FROM 

DETECTOR < 


AM Radio Power Amplifier 



FERRITE 

BEAD 250 m F 


Note 1: Twist supply lead and supply ground very tightly. 

Note 2: Twist speaker lead and ground very tightly. 

Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 turns of wire. 


Note 4: R1C1 band limits input signals. 

Note 5: All components must be spaced very close to 1C. 
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t ion a l Semiconductor 


LM388 1.5W Audio Power Amplifier 


General Description 

The LM388 is an audio amplifier designed for use in medium 
power consumer applications. The gain is internally set to 
20 to keep external part count low, but the addition of an 
external resistor and capacitor between pins 2 and 6 will 
increase the gain to any value up to 200. 

The inputs are ground referenced while the output is auto- 
matically biased to one half the supply voltage. 

Features 

■ Minimum external parts 

■ Wide supply voltage range 

■ Excellent supply rejection 

■ Ground referenced input 

■ Self-centering output quiescent voltage 


■ Variable voltage gain 

■ Low distortion 

■ Fourteen pin dual-in-line package 

■ Low voltage operation, 4 V 

Applications 

■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 

■ Intercoms 

■ TV sound systems 

■ Lamp drivers 

■ Line drivers 

■ Ultrasonic drivers 

■ Small servo drivers 

■ Power converters 


Equivalent Schematic and Connection Diagrams 


14 



Dual-ln-Line Package 



Top View 

Order Number LM388N-1 
See NS Package Number N14A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage 1 5V 

Package Dissipation 1 4-Pin DIP (Note 1 ) 8.3 W 

Input Voltage ±0.4V 

Storage T emperature - 65°C to + 1 50°C 


Operating T emperature 0°C to + 70°C 

Junction Temperature 150°C 

Lead Temperature (Soldering, 1 0 sec.) 260°C 

Thermal Resistance 

0jC 30°C/W 

0j A 79°C/W 


Electrical Characteristics T a = 25°C, (Figure 1) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vs 

Operating Supply Voltage 

LM388 


4 


12 

V 

|q 

Quiescent Current 

LM388 

V| N = 0 

V s = 12V 


16 

23 

mA 

Pout 

Output Power (Note 2) 

R1 = R2 = 180ft, THD = 10% 






LM388N-1 

V s = 12V, R L = 8ft 

1.5 

2.2 


W 



V s = 6V, R L = 4ft 

0.6 

0.8 


W 

A V 

Voltage Gain 

V s = 12V, f = 1 kHz 

23 

26 

30 

dB 



1 0 juF from Pins 2 to 6 


46 


dB 

BW 

Bandwidth 

Vs = 12V, Pins 2 and 6 Open 


300 


kHz 

THD 

Total Harmonic Distortion 

V s = 12V, R L = 8ft, Pout = 500 mW, 
f = 1 kHz, Pins 2 and 6 Open 


0.1 

1 

% 

PSRR 

Power Supply Rejection Ratio 

Vs = 12V, f = 1 kHz, CbypaSS = 10 ju-F, 


50 


dB 


(Note 3) 

Pins 2 and 6 Open, Referred to Output 



Pin 

Input Resistance 


10 

50 


kft 

•bias 

Input Bias Current 

Vs = 1 2V, Pins 7 and 8 Open 


250 


nA 


Note 1: Pins 3, 4, 5, 10, 11, 12 at 25°C. Derate at 15°C/W above 25°C case. 

Note 2: The amplifier should be in high gain for full swing on higher supplies due to input voltage limitations. 

Note 3: If load and bypass capacitor are returned to Vs (Figure 2), rather than ground (Figure 1), PSRR is typically 30 dB. 


Typical Performance Characteristics 


£ 


Maximum Device Dissipation vs 
Ambient Temperature 



T a - AMBIENT TEMPERATURE (°C) 

Note: 2 oz. copper foil, single-sided PC board. 


Quiescent Supply Current vs 



0 4 8 12 16 20 

SUPPLY VOLTAGE (V) 


Power Supply Rejection Ratio 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


TL/H/7846-5 
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Typical Performance Characteristics (Continued) 


Peak-to-Peak Output Voltage 
Swing vs Supply Voltage 



0 4 8 12 16 20 

SUPPLY VOLTAGE (V) 


Voltage Gain vs Frequency 



100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Distortion vs Frequency 



Distortion vs Output Power 



0.01 0.1 1.0 10 
POWER OUTPUT (W) 


Device Dissipation vs Output 



0 1 2 3 4 5 


OUTPUT POWER (W) 


Device Dissipation vs 
Output Power— 8fl Load 
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Device Dissipation vs 
Output Power — 1611 Load 

















v 
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V J 

5 
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OUTPUT POWER (W) 


Application Hints 


TL/H/7846-6 


GAIN CONTROL 

To make the LM388 a more versatile amplifier, two pins (2 
and 6) are provided for gain control. With pins 2 and 6 open, 
the 1 .35 kl~l resistor sets the gain at 20 (26 dB). If a capaci- 
tor is put from pins 2 to 6, bypassing the 1 .35 kfl resistor, 
the gain will go up to 200 (46 dB). If a resistor is placed in 
series with the capacitor, the gain can be set to any value 
from 20 to 200. A low frequency pole in the gain response is 
caused by the capacitor working against the external resis- 
tor in series with the 1 5011 internal resistor. If the capacitor 
is eliminated and a resistor connects pins 2 to 6 then the 


output dc level may shift due to the additional dc gain. Gain 
control can also be done by capacitively coupling a resistor 
(or FET) from pin 6 to ground, as in Figure 7. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For example, 
we can compensate poor speaker bass response by fre- 
quency shaping the feedback path. This is done with a se- 
ries RC from pin 6 to 13 (paralleling the internal 15 kll resis- 
tor). For 6 dB effective bass boost: R = 15 kll, the lowest 
value for good stable operation is R = 10 kll if pin 2 
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Application Hints (Continued) 

is open. If pins 2 and 6 are bypassed then R as low as 2 kft 
can be used. This restriction is because the amplifier is only 
compensated for closed-loop gains greater than 9 V/V. 

INPUT BIASING 

The schematic shows that both inputs are biased to ground 
with a 50 kn resistor . The base current of the input transis- 
tors is about 250 nA, so the inputs are at about 12.5 mV 
when left open. If the dc source resistance driving the 
LM388 is higher than 250 kn it will contribute very little 
additional offset (about 2.5 mV at the input, 50 mV at the 
output). If the dc source resistance is less than 10 kn, then 
shorting the unused input to ground will keep the offset low 
(about 2.5 mV at the input, 50 mV at the output). For dc 
source resistances between these values we can eliminate 
excess offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 
course all offset problems are eliminated if the input is ca- 
pacitively coupled. 

When using the LM388 with higher gains (bypassing the 
1.35 kn resistor between pins 2 and 6) it is necessary to 
bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a 0.1 jmF capaci- 
tor or a short to ground depending on the dc source resist- 
ance on the driven input. 

BOOTSTRAPPING 

The base of the output transistor of the LM388 is brought 
out to pin 9 for Bootstrapping. The output stage of the am- 
plifier during positive swing is shown in Figure 3 with its 
external circuitry. 

R1 + R2 set the amount of base current available to the 
output transistor. The maximum output current divided by 

Typical Applications 

R1 

V s 510 



(Amplifier with Gain = 20) 


beta is the value required for the current in R1 and R2: 

(R1 + R2) = , o 0^IE 
lO MAX 

Good design values are Vbe = 0.7V and Pq = 100. 
Example: 1 watt into 8ft load with Vs = 12V. 

/2FV 


•o MAX = 


Rl 


= 500 mA 


(R1 + R2) = 100 ( <12/2 q 5 0 7 ) = 106011 


To keep the current in R2 constant during positive swing 
capacitor Cb is added. As the output swings positive Cb lifts 
Rl and R2 above the supply, maintaining a constant voltage 
across R2. To minimize the value of Cb, Rl = R2. The pole 
due to Cb and Rl and R2 is usually set equal to the pole 
due to the output coupling capacitor and the load. This 
gives: 


Cb 


4C c 

Po 


Cc 

25 


Example: for 100 Hz pole and Rl = 8ft; C c = 200 ju,F and 
Cb = 8 juF, if Rl is made a diode and R2 increased to give 
the same current, Cb can be decreased by about a factor of 
4, as in Figure 4. 

For reduced component count the load can replace Rl. The 
value of (Rl + R2) is the same, so R2 is increased. Now Cb 
is both the coupling and the bootstrapping capacitor (see 
Figure 2). 


v s 



(Amplifier with Gain = 20) 
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T ypical Applications (Continued) 


O.ImF 




FIGURE 4. Ampifier with Gain = 200 and Minimum Cg 



FIGURE 6a. Amplifier with Bass Boost 


TL/H/7846-10 




Typical Applications (Continued) 



TL/H/7846-12 



8 P. 

SPEAKER 


FIGURE 8. AM Radio Power Amplifier 


TL/H/7846-13 


Note 1: Twist supply lead and supply ground very tightly. 

Note 2: Twist speaker lead and ground very tightly. 

Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 turns of wire. 


Note 4: R1C1 band limits input signals. 

Note 5: All components must be spaced very close to 1C. 
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tional Semiconductor 


LM389 Low Voltage Audio Power Amplifier 
with NPN Transistor Array 


General Description 

The LM389 is an array of three NPN transistors on the same 
substrate with an audio power amplifier similar to the 
LM386. 

The amplifier inputs are ground referenced while the output 
is automatically biased to one half the supply voltage. The 
gain is internally set at 20 to minimize external parts, but the 
addition of an external resistor and capacitor between pins 
4 and 12 will increase the gain to any value up to 200. 

The three transistors have high gain and excellent matching 
characteristics. They are well suited to a wide variety of ap- 
plications in DC through VHF systems. 

Features 

Amplifier 

■ Battery operation 

■ Minimum external parts 

■ Wide supply voltage range 


■ Low quiescent current drain 

■ Voltage gains from 20 to 200 

■ Ground referenced input 

■ Self-centering output quiescent voltage 

■ Low distortion 
Transistors 

■ Operation from 1 jllA to 25 mA 

■ Frequency range from DC to 100 MHz 

■ Excellent matching 

Applications 

■ AM-FM radios 

■ Portable tape recorders 

■ Intercoms 

■ Toys and games 

■ Walkie-talkies 

■ Portable phonographs 

■ Power converters 


Equivalent Schematic and Connection Diagrams 



SUB 

& 



See NS Package Number N18A 


TL/H/7847-1 
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Absolute Maximum Ratings 







If Military /Aerospace specified devices are required, Collector to Base Voltage, Vcbo 




15V 

please contact the National Semiconductor Sales Collector to Substrate Voltage, Vcio 




Office/Distributors for availability and specifications. (Note 2) 





15V 

Supply Voltage 

1 5V Collector Current, lc 





25 mA 

Package Dissipation (Note 1 ) 

1.89W Emitter Current, Ie 





25 mA 

Input Voltage 


+ 0.4V Base Current, Iq 





5 mA 

Storage Temperature -65°C to + 1 50°C Power Dissipation (Each Transistor) T^ ^ + 70°C 

150 mW 

1 Operating Temperature 0°Cto+70°C Thermal Resistance 






Junction Temperature 

150°C 0JC 




24°C/W 

Lead Temperature (Soldering, 10 sec.) 

260°C 0JA 




70°C/W 

Collector to Emitter Voltage, Vceo 

12V 






Electrical Characteristics t a = 25 -c 






| Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

AMPLIFIER 1 

Vs 

Operating Supply Voltage 


4 


12 

V 

'Q 

Quiescent Current 

V s = 6V, V| N = 0V 


6 

12 

mA 

Pout 

Output Power (Note 3) 

THD -10% V s = 6V,R L =8fi 

250 

325 



mW 



V s = 9V, R L = 16fl 


500 



mW 

Av 

Voltage Gain 

V s = 6V, f = 1 kHz 

23 

26 

30 


dB 



10 juF from Pins 4 to 12 


46 



dB 

BW 

Bandwidth 

Vg = 6V, Pins 4 and 12 Open 


250 


kHz 

THD 

Total Harmonic Distortion 

v s = 6V, r l - 8n, Pout = 125 mw, 

f = 1 kHz, Pins 4 and 12 Open 


0.2 

3.0 

% 

PSRR 

Power Supply Rejection Ratio 

V S = 6V, f = 1 kHz, CbypaSS = IOjexF, 
Pins 4 and 1 2 Open, Referred to Output 

30 

50 


dB 

Rin 

Input Resistance 


10 

50 


kn 

■bias 

Input Bias Current 

V§ = 6V, Pins 5 and 16 Open 


250 


nA 

TRANSISTORS | 

Vceo 

Collector to Emitter 

Breakdown Voltage 

lc = 1 mA, Ib = 0 

12 

20 


V 

Vcbo 

Collector to Base 

Breakdown Voltage 

l c = 10 ]llA, l E = 0 

15 

40 


V 

Vcio 

Collector to Substrate 

Breakdown Voltage 

l C = lOjitA, l E = l B = 0 

15 

40 


V 

v EBO 

Emitter to Base 

Breakdown Voltage 

l E = 1 0 jliA, Iq = 0 

6.4 

7.1 

7.8 

V 

Hfe 

Static Forward Current 

< 

i. 

0 

II 

_o 


100 





Transfer Ratio (Static Beta) 

lc = 1 mA 

100 

275 






l c = 10 mA 


275 




hoe 

Open-Circuit Output Admittance 

l c = 1 mA, V C e = 5V, f = 1.0 kHz 


20 


/xmho 

Vbe 

Base to Emitter Voltage 

Ie = 1 mA 


0.7 

0.85 

V 

C\J 

UJ 

CO 

> 

1 

LU 

CD 

> 

Base to Emitter Voltage Offset 

Ie = 1 mA 


1 

5 

mV 

VcESAT 

Collector to Emitter 

Saturation Voltage 

lc = 10 mA, Ib = 1 mA 


0.15 

0.5 

V 

CEB 

Emitter to Base Capacitance 

> 

CO 

11 

CD 

£ 


1.5 


PF 

CcB 

Collector to Base Capacitance 

< 

O 

00 

11 

CO 

< 


2 


pF 

Cci 

Collector to Substrate 
Capacitance 

> 

CO 

II 

0 

> 


3.5 


PF 

hfe 

High Frequency Current Gain 

l c = 10 mA, Vce = 5V, f = 100 MHz 

1.5 

5.5 



Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance 

of 66°C/W junction to ambient. 







Note 2: The collector of each transistor is isolated from the substrate by an integral diode. Therefore, the collector voltage should remain positive with respect to 1 

pin 1 7 at all times. 







Note 3: If oscillation exists under some load conditions, add 2.7ft and 0.05 ju,F series network from pin 1 to ground. 
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Typical Amplifier Performance Characteristics 


Quiescent Supply Current 



4 5 6 7 8 9 10 11 12 


SUPPLY VOLTAGE (VOLTS) 


Power Supply Rejection Ratio 
(Referred to the Output) 



FREQUENCY (Hz) 


Peak-to-Peak Output Voltage 
Swing vs Supply Voltage 



SUPPLY VOLTAGE (VOLTS) 


Voltage Gain vs Frequency 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Distortion vs Frequency 



20 50 100 200 500 Ik 2k 5k 10k 20k 
FREQUENCY (Hz) 


Distortion vs Output Power 



0.001 0.01 0.1 1.0 
POWER OUT (WATTS) 


Device Dissipation vs Output 
Power — 4ft Load 



Device Dissipation vs Output 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

OUTPUT POWER (WATTS) 


Device Dissipation vs Output 
Power— 16ft Load 



OUTPUT POWER (WATTS) 


TL/H/7847-3 
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Typical Transistor Performance Characteristics 

Forward Current Transfer Ratio Saturation Voltage vs 



COLLECTOR CURRENT (mA) 



10 100 Ik 10k 

FREQUENCY (Hz) 

g oe and C 0 e vs Collector 



0 2 4 6 8 10 12 

l c - COLLECTOR CURRENT (mA) 



Open Circuit Output Admittance 
vs Collector Current 


0.01 0.1 1 10 
COLLECTOR CURRENT (mA) 


Noise Current vs Frequency 
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High Frequency Current Gain 
vs Collector Current 




g oe and C oe vs Collector 



0 2 4 6 8 10 12 14 16 

l c - COLLECTOR CURRENT (mA) 

Contours of Constant Noise 
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Application Hints 

Gain Control 

To make the LM389 a more versatile amplifier, two pins (4 
and 12) are provided for gain control. With pins 4 and 12 
open, the 1 .35 kn resistor sets the gain at 20 (26 dB). If a 
capacitor is put from pin 4 to 12, bypassing the 1.35 ka 
resistor, the gain will go up to 200 (46 dB). If a resistor is 
placed in series with the capacitor, the gain can be set to 
any value from 20 to 200. A low frequency pole in the gain 
response is caused by the capacitor working against the 
external resistor in series with the 150ft internal resistor. If 
the capacitor is eliminated and a resistor connects pin 4 to 
1 2, then the output dc level may shift due to the additional 
dc gain. Gain control can also be done by capacitively cou- 
pling a resistor (or FET) from pin 12 to ground. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For example, 
we can compensate poor speaker bass response by fre- 
quency shaping the feedback path. This is done with a se- 
ries RC from pin 1 to 12 (paralleling the internal 15 kft resis- 
tor). For 6 dB effective bass boost: R = 15 kft, the lowest 
value for good stable operation is R = 10 kft if pin 4 is 
open. If pins 4 and 1 2 are bypassed then R as low as 2 ka 
can be used. This restriction is because the amplifier is only 
compensated for closed-loop gains greater than 9V/V. 

Input Biasing 

The schematic shows that both inputs are biased to ground 
with a 50 ka resistor. The base current of the input transis- 
tors is about 250 nA, so the inputs are at about 12.5 mV 
when left open. If the dc source resistance driving the 
LM389 is higher than 250 ka it will contribute very little 
additional offset (about 2.5 mV at the input, 50 mV at the 
output). If the dc source resistance is less than 1 0 ka, then 
shorting the unused input to ground will keep the offset low 
(about 2.5 mV at the input, 50 mV at the output). For dc 
source resistances between these values we can eliminate 
excess offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 
course ail offset problems are eliminated if the input is ca- 
pacitively coupled. 

When using the LM389 with higher gains (bypassing the 
1 .35 ka resistor between pins 4 and 1 2) it is necessary to 


bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a 0.1 jaF capaci- 
tor or a short to ground depending on the dc source resist- 
ance of the driven input. 

Supplies and Grounds 

The LM389 has excellent supply rejection and does not re- 
quire a well regulated supply. However, to eliminate possi- 
ble high frequency stability problems, the supply should be 
decoupled to ground with a 0.1 jaF capacitor. The high cur- 
rent ground of the output transistor, pin 18, is brought out 
separately from small signal ground, pin 17. If the two 
ground leads are returned separately to supply then the par- 
asitic resistance in the power ground lead will not cause 
stability problems. The parasitic resistance in the signal 
ground can cause stability problems and it should be mini- 
mized. Care should also be taken to insure that the power 
dissipation does not exceed the maximum dissipation of the 
package for a given temperature. There are two ways to 
mute the LM389 amplifier. Shorting pin 3 to the supply volt- 
age, or shorting pin 12 to ground will turn the amplifier off 
without affecting the input signal. 

Transistors 

The three transistors on the LM389 are general purpose 
devices that can be used the same as other small signal 
transistors. As long as the currents and voltages are kept 
within the absolute maximum limitations, and the collectors 
are never at a negative potential with respect to pin 17, 
there is no limit on the way they can be used. 

For example, the emitter-base breakdown voltage of 7.1V 
can be used as a zener diode at currents from 1 juA to 
5 mA. These transistors make good LED driver devices, 
Vsat is only 150 mV when sinking 10 mA. 

In the linear region, these transistors have been used in AM 
and FM radios, tape recorders, phonographs and many oth- 
er applications. Using the characteristic curves on noise 
voltage and noise current, the level of the collector current 
can be set to optimize noise performance for a given source 
impedance. Some of the circuits that have been built are 
shown in Figures 1-7. This is by no means a complete list 
of applications, since that is limited only by the designers 
imagination. 


v s 



OUTPUT AMPLIFIER & SPEAKER 


TL/H/7847-6 

FIGURE 1. AM Radio 
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N a t ion a l 


Semiconductor 


LM390 1 W Battery Operated Audio Power Amplifier 


General Description 

The LM390 Power Audio Amplifier is optimized for 6V, 7.5V, 
9 V operation into low impedance loads. The gain is internal- 
ly set at 20 to keep the external part count low, but the 
addition of an external resistor and capacitor between pins 
2 and 6 wil increase the gain to any value up to 200. The 
inputs are ground referenced while the output is automati- 
cally biased to one half the supply voltage. 

Features 

■ Battery operation 

■ 1W output power 

■ Minimum external parts 

■ Excellent supply rejection 

■ Ground referenced input 


■ Self-centering output quiescent voltage 

■ Variable voltage gain 

■ Low distortion 

■ Fourteen pin dual-in-line package 

Applications 

■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 

■ Intercoms 

■ TV sound systems 

■ Lamp drivers 

■ Line drivers 

■ Ultrasonic drivers 

■ Small servo drivers 

■ Power converters 


Equivalent Schematic and Connection Diagrams 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 10V 

Package Dissipation 1 4-Pin DIP (Note 1 ) 8.3W 

Input Voltage + 0.4V 

Storage T emperature - 65°C to + 1 50°C 


Operating T emperature 0°C to + 70°C 

Junction Temperature 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Thermal Resistance 

0jc 30°C/W 

0j A 79°C/W 


Electrical Characteristics Ta = 25°C, (Figure 1) 


Symbol 

Parameter 

Conditions 

Min 

Typ 


Units 

Vs 

Operating Supply Voltage 


4 


9 

V 

IQ 

Quiescent Current 

V s = 6V, V| N = 0 




mA 

Pout 

Output Power 

V S = 6V, R l = 4H, THD = 10% 

0.8 

1.0 


W 

a v 

Voltage Gain 

V s — 6V, f = 1 kHz 

23 



dB 



10 jmFfrom Pin 2 to 6 




dB 


Bandwidth 

Vs = 6V, Pins 2 and 6 Open 




kHz 


Total Harmonic Distortion 

V s = 6V, R|_ = 4 n, Pout = 500 mW 
f = 1 kHz, Pins 2 and 6 Open 



n 

% 

PSRR 

Power Supply Rejection Ratio 

V S = 6V, f = 1 kHz, CbyPASS = 10 jxF, 
Pins 2 and 6 Open, Referred to Output 
(Note 2) 



■ 

dB 

Pin 

input Resistance 


10 



kSl 

Ibias 

Input Bias Current 

Vs = 6V, Pins 7 and 8 Open 


250 


nA 


Note 1: Pins 3, 4, 5, 10, 11, 12 at 25°C. Above 25°C case, derate at 15°C/W junction to case, or 85°C/W junction to ambient. 
Note 2: If load and bypass capacitor are returned to Vs (Figure 2), rather than ground (Figure 1), PSRR is typically 30 dB. 


Typical Performance Characteristics 

Maximum Device Dissipation Quiescent Supply Current vs 

vs Ambient Temperature 



0 fO 20 30 40 50 00 70 80 90 100 
T a - AMBIENT TEMPERATURE PC) 

Note: 2 oz. copper foil, nngfo-sidad PC board. 

Peak-to-Peak Output Voltage 
Swing vs Supply Voltage 




4 5 6 7 8 

SUPPLY VOLTAGE (V) 


Voltage Gain vs Frequency 



5 0 7 8 

SUPPLY VOLTAGE (V) 


Ik 10k 100k 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 
(Referred to the Output) vs 
Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Distortion vs Frequency 



FREQUENCY (Hz) 

TL/H/7848-5 


I 
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Typical Performance Characteristics (Continued) 


Distortion vs Output Power 



Device Dissipation vs 
Output Power 4ft Load 



Device Dissipation vs 
Output Power 8ft Load 



0 0.2 0.4 0.6 0.8 1 

OUTPUT POWER (W) 

TL/H/7848-6 


Application Hints 

Gain Control 

To make the LM390 a more versatile amplifier, two pins (2 
and 6) are provided for gain control. With pins 2 and 6 open, 
the 1 .35 kft resistor sets the gain at 20 (26 dB). If a capaci- 
tor is put from pin 2 to 6, bypassing the 1 .35 kft resistor, the 
gain will go up to 200 (46 dB). If a resistor is placed in series 
with the capacitor, the gain can be set to any value from 20 
to 200. A low frequency pole in the gain response is caused 
by the capacitor working against the external resistor in se- 
rifs with the 150ft internal resistor. If the capacitor is elimi- 
nated and a resistor connects pin 2 to 6 then the output dc 
level may shift due to the additional dc gain. Gain control 
can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 7. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For example, 
we can compensate poor speaker bass response by fre- 
quencyshaping the feedback path. This is done with a se- 
ries RC from pin 6 to 13 (paralleling the internal 15 kft resis- 
tor). For 6 dB effective bass boost: R = 1 5 kn, the lowest 
value for good stable operation is R = 10 kn if pin 2 is 
open. If pins 2 and 6 are bypassed then R as low as 2 kn 
can be used. This restriction is because the amplifier is only 
compensated for closed-loop gains greater than 9 V/V. 

Input Biasing 

The schematic shows that both inputs are biased to ground 
with a 50 kn resistor. The base current of the input transis- 
tors is about 250 nA, so the inputs are at about 12.5 mV 
when left open. If the dc source resistance driving the 
LM390 is higher than 250 kn it will contribute very little 
additional offset (about 2.5 mV at the input, 50 mV at the 
output). If the dc source resistance is less than 10 kn, then 
shorting the unused input to ground will keep the offset low 
(about 2.5 mV at the input 50 mV at the output). For dc 
source resistances between these values we can eliminate 
excess offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 
course all offset problems are eliminated if the input is ca- 
pacitively coupled. 

When using the LM390 with higher gains (bypassing the 
1 .35 kn resistor between pins 2 and 6) it is necessary to 


bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a 0.1 fxF capaci- 
tor or a short to ground depending on the dc source resist- 
ance on the driven input. 


Bootstrapping 

The base of the output transistor of the LM390 is brought 
out to pin 9 for Bootstrapping. The output stage of the am- 
plifier during positive swing is shown in Figure 3 with its 
external circuitry. 

Rl + R2 set the amount of base current available to the 
output transistor. The maximum output current divided by 
beta is the value required for the current in Rl and R2: 


(R1 + R2) = /3o 


(V s /2) - V BE 


>0 MAX 

Good design values are Vbe = 0.7V and /3 q = 
Example 0.8 watt into 411 load with Vs = 6V. 

/2Po. 


100 . 


>0 MAX = 


(R1 + R2) = 100 


Rl 

f (6/2) 


= 632 mA 


V 0.632 


-)= 


364ft 


To keep the current in, R2 constant during positive swing 
capacitor Cb is added. As the output swings positive Cb lifts 
Rl and R2 above the supply, maintaining a constant voltage 
across R2. To minimize the value of Cb, Rl = R2. The pole 
due to Cb and Rl and R2 is usually set equal to the pole 
due to the output coupling capacitor and the load. This 
gives: 


4C c M C< 

£o 


Example: for 100 Hz pole and Rj_ = 4ft; C c = 400 jaF and 
Cb = 1 6 juF, if Rl is made a diode and R2 increased to give 
the same current, Cb can be decreased by about a factor of 
4, as in Figure 4. 

For reduced component count the load can replace Rl . The 
value of (Rl + R2) is the same, so R2 is increased. Now Cb 
is both the coupling and the bootstrapping capacitor (see 
Figure 2). 
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Typical Applications 

6V 



(Amplifier with Gain = 20) 



6V 



(Amplifier with Gain = 20) 


0.1/iF 



FIGURE 4. Amplifier with Gain = 200 and Minimum Cb 


ev 



FIGURE 5. 2.5W Bridge Amplifier 
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Typical Applications (Continued) 



FIGURE 6(a). Amplifier with Bass Boost 



20 50 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hz) 

TL/H/7848-1 1 

FIGURE 6(b). Frequency Response 
with Bass Boost 



FROM 

DETECTOR 



8S2 

SPEAKER 


Note 1: Twist supply lead and supply ground very tightly. Note 4: R1C1 band limits input signals. 

Note 2: Twist speaker lead and ground very tightly. Note 5: All components must be spaced very close to 1C. 

Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 turns of wire. 


TL/H/7848-1 3 
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National Semicondu 


ct or 


LM391 Audio Power Driver 


General Description 

The LM391 audio power driver is designed to drive external 
power transistors in 1 0 to 1 00 watt power amplifier designs. 
High power supply voltage operation and true high fidelity 
performance distinguish this 1C. The LM391 is internally pro- 
tected for output faults and thermal overloads; circuitry pro- 
viding output transistor protection is user programmable. 


Features 

■ High Supply Voltage 

■ Low Distortion 

■ Low Input Noise 

■ High Supply Rejection 

■ Gain and Bandwidth Selectable 

■ Dual Slope SOA Protection 

■ Shutdown Pin 


±50V max 
0.01 % 
3 ixM 
90 dB 


Equivalent Schematic and Connection Diagram 



+IN — 

1 

TJ 

16 

— V' 

-IN 

2 

15 

— V + 

COMP C — 

3 

14 

SHUTDOWN 

RIPPLE C — 

4 

13 

1 LIMIT 

SINK 

5 

12 

— -SOA DIODE 

BIAS 

6 

11 

— + S0A DIODE 

BIAS — 

7 

10 

— +1 LIMIT 

SOURCE — 

8 

9 

— OUTPUT SENSE 


Top View 

Order Number LM391N-100 
See NS Package Number N16A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage 

LM391 N-1 00 ± 50V or + 1 00V 

Input Voltage Supply Voltage less 5V 

Shutdown Current (Pin 14) 1mA 


Package Dissipation (Note 1) 
Storage Temperature 
Operating Temperature 
Lead Temp. (Soldering, 10 sec.) 
Thermal Resistance f , 
0JC 
0JA 


1.39W 
-65°Cto + 150°C 
0°Cto + 70°C 
260°C 

20°C/W 

63°C/W 


Electrical Characteristics t a = 25°c (The following are for v+ = 90% v+ MAX andv- = 90% v- MAX .) 


Parameter 

Quiescent Current 
LM391N-100 

Output Swing 


Drive Current 

Noise (20 Hz-20 kHz) 

Supply Rejection 

Total Harmonic Distortion 


Intermodulation Distortion 


Open Loop Gain 


Input Bias Current 


Input Offset Voltage 


Positive Current Limit Vbe 



Conditions 

Current in Pin 1 5 
V|N ~ 0 
Positive 
^Negative 
Source (Pin 8) 
Sink (Pin 5) 

Input Referred 
Input Referred 

f = 1 kHz 
f = 20 kHz 


60 Hz, 7 kHz, 4:1 
f = 1 kHz 


5 

V+ - 5 
V- + 5 


Pin 10-9 


Negative Current Limit Vbe Pin 9-13 650 mV 

Positive Current Limit Bias Current Pin 10 10 100 fxA 

Negative Current Limit Bias Current Pin 13 10 100 juA 

Pin 14 Current Comments 

Minimum pin 14 current required for shutdown is 0.5 mA, and must not exceed 1 mA. 

Maximum pin 1 4 current for amplifier not shut down is 0.05 mA. 

The typical shutdown switch point current is 0.2 mA. 

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance 
of 90°C/W junction to ambient. 


Typical Applications 


FIGURE 1. LM391 with External Components— Protection Circuitry Not Shown 
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Typical Performance Characteristics 



Total Harmonic Distortion vs 
Frequency (R|_ = 8ft) 



20 50 100200 500 Ik 2k 5k 10k 20k 
FREQUENCY (HERTZ) 


Total Harmonic Distortion vs 
Frequency (Rl = 4ft) 



Open Loop Gain vs Frequency 



Input Referred Power Supply 



20 50 100 200 500 Ik 2k 5k 10k 20k 

Cr*£c FREQUENCY (HERTZ) 


Total Harmonic Distortion vs 
AB Bias Current 



TL/H/7146-4 


Pin Descriptions 


Pin No. 

Pin Name 

Comments 

1 

+ Input 

Audio input 

2 

-Input 

Feedback input 

3 

Compensation 

Sets the dominant pole 

4 

Ripple Filter 

Improves negative supply rejection 

5 

Sink Output 

Drives output devices and is emitter of AB bias Vbe multiplier 

6 

BIAS 

Base of V B e multiplier 

7 

BIAS 

Collector of Vbe multiplier 

8 

Source Output 

Drives output devices 

9 

Output Sense 

Biases the 1C and is used in protection circuits 

10 

+ Current Limit 

Base of positive side protection circuit transistor 

11 

+ SOA Diode 

Diode used for dual slope SOA protection 

12 

-SOA Diode 

Diode used for dual slope SOA protection 

13 

-Current Limit 

Base of negative side protection circuit transistor 

14 

Shutdown 

Shuts off amplifier when current is pulled out of pin 

15 

V+ 

Positive supply 

16 

v- 

Negative supply 
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External Components (Figure 1) 


Component 

Typical Value 

Comments 

C|N 

1 jxF , ... . 

Input coupling capacitor sets a low frequency pole with R|^ 

fl 27 tR| N C| N 

Rin 

100k 

Sets input impedance and DC bias to input. 

Rf 2 

100k 

Feedback resistor; for minimum offset voltage at the output this should be equal to Rin. 

r <i 

5.1k 

Feedback resistor that works with Rf 2 to set the voltage gain. 

Av = 1+ ^ 

Cf 

1 0 julF 

Feedback capacitor. This reduces the gain to unity at DC for minimum offset voltage at the 
output. Also sets a low frequency pole with Rf 1 . 

<L 27rR fl C, 

c c 

5 pF 

Compensation capacitor. Sets gain bandwidth product and a high frequency pole. 

1 GBW 

GBW = 2 .5000Cc ,h= A V 

Max fh for stable design ~ 500 kHz. 

Ra 

3.9k 

AB bias resistor. 

Rb 

10k 

AB bias potentiometer. Adjust to set bias current in the output stage. 

Cab 

0.1 jaF 

Bypass capacitor for bias. This improves high frequency distortion and transient response. 

Cr 

5 pF 

Ripple capacitor. This improves negative supply rejection at midband and high frequencies. 

Cr, if used, must equal Cq. 

Reb 

100ft 

Bleed resistor. This removes stored charge in output transistors. 

Ro 

2.7ft 

Output compensation resistor. This resistor and Cq compensate the output stage. This value 
will vary slightly for different output devices. 

c 0 

0.1 juF 

Output compensation capacitor. This works with Ro to form a zero that cancels f^ of the 
output power transistors. > 

Re 

0.3ft 

Emitter degeneration resistor. This resistor gives thermal stability to the output stage 
quiescent current. IRC PW5 type. 

Rth 

39k 

Shutdown resistor. Sets the amount of current pulled out of pin 14 during shutdown. 

C 2 , C' 2 


Compensation capacitors for protection circuitry. 

X L 


Used to isolate capacitive loads, usually 20 turns of wire wrapped around a 1 0ft, 2W resistor. 
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Application Hints 

GENERALIZED AUDIO POWER AMP DESIGN 

Givens: Power Output 

Load Impedance 
Input Sensitivity 
Input Impedance 
Bandwidth 

The power output and load impedance determine the power 
supply requirements. Output signal swing and current are 
found from: 

Vopeak = a/2 R L Po ^ 

•Opeak = (2) 

Add 5 volts to the peak output swing (Vqp) for transistor 
voltage to get the supplies, i.e., ± (Vqp + 5V) at a current 
of Ipeak- The regulation of the supply determines the unload- 
ed voltage, usually about 15% higher. Supply voltage will 
also rise 10% during high line conditions, 
max supplies ~ ± (Vopeak + 5) (1 + regulation) (1.1) (3) 

The input sensitivity and output power specs determine the 
required gain. 

* . VPp r l _ VpRMS 
V V| N V| NRMS 

Normally the gain is set between 20 and 200; for a 25 watt, 
8 ohm amplifier this results in a sensitivity of 710 mV and 71 
mV, respectively. The higher the gain, the higher the THD, 
as can be seen from the characteristics curves. Higher gain 
also results in more hum and noise at the output. 

The desired input impedance is set by Rin. Very high values 
can cause board layout problems and DC offsets at the out- 
put. The bandwidth requirements determine the size of Cf 
and Cc as indicated in the external component listing. 

The output transistors and drivers must have a breakdown 
voltage greater than the voltage determined by equation (3). 
The current gain of the drive and output device must be high 
enough to supply lopeak with 5 mA of drive from the LM391 . 
The power transistors must be able to dissipate approxi- 
mately 40% of the maximum output power; the drivers must 
dissipate this amount divided by the current gain of the out- 
puts. See the output transistor selection guide, Table A. 


To prevent thermal runaway of the AB bias current the fol- 
lowing equation must be valid: 


e < Re (£min + 1) 
JA Vceqmax(K) 

where: 


(5) 


0ja is the thermal resistance of the driver transistor, junc- 
tion to ambient, in °C/W. 

Re is the emitter degeneration resistance in ohms. 

/3 m j n is that of the output transistor. 

V CEQMAX is the highest possible value of one supply from 
equation (3). 

K is the temperature coefficient of the driver base-emitter 
voltage, typically 2 mV/°C. 

Often the value of Re is to be determined and equation (5) 
is rearranged to be: 

□ . 0JA (VCEQMAX) K 

E £min + 1 

The maximum average power dissipation in each output 
transistor is: 

PDMAX = 0.4 POMAX (?) 

The power dissipation in the driver transistor is: 

Pdriver(max) = (8) 

Heat sink requirements are found using the following formu- 
las: 


n ^ Tjmax ” t amax 

F d 

0SA ^ 0j A ~ 0JC ~ 0CS 

where: 


(9) 

(10) 


Tjmax is the maximum transistor junction temperature. 
Tamax is the maximum ambient temperature. 

0ja is thermal resistance junction to ambient. 

#SA is thermal resistance sink to ambient. 

0jc is thermal resistance junction to case. 

0cs is thermal resistance case to sink, typically 1°C/W for 
most mountings. 
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Application Hints (Continued) 

PROTECTION CIRCUITRY 

The protection circuits of the LM391 are very flexible and 
should be tailored to the output transistor’s safe operating 
area. The protection V-l characteristics, circuitry, and resis- 
tor formulas are described below. The diodes from the out- 
put to each supply prevent the output voltage from exceed- 
ing the supplies and harming the output transistors. The out- 
put will do this if the protection circuitry is activated while 
driving an inductive load. 

TURN-ON DELAY 

It is often desirable to delay the turn-ON of the power ampli- 
fier. This is easily implemented by putting a resistor in series 
with a capacitor from pin 14 to ground. The value of the 

Protection Circuitry with External Components 



resistor is set to limit fhe current to less than 1 mA (the 
absolute maximum). This resistor with the capacitor gives a 
time constant of RC. The turn-ON delay is approximately 2 
time constants. 

Example: 

Amplifier with maximum supply of 30V, like the 20W, 8f l 
example in the data sheet, requiring a delay of 1 second. 
Time delay = 2 RC 

Max V+ 

1 mA 
So: 

R = 30k. Solving for C gives 16.7 ju,F. Use C = 20 ju,F with 
a 30V rating. 


Protection Characteristics 



vce 


TL/H/7146-6 


Protection Circuit Resistor Formulas (Vb = V+) 
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Application Hints (Continued) 

TRANSIENT INTERMODULATION DISTORTION 

There has been a lot of interest in recent years about tran- 
sient intermodulation distortion. Matti Otala of University of 
Oulu, Oulu, Finland has published several papers on the 
subject. The results of these investigations show that the 
open loop pole of the power amplifier should be above 20 
kHz. 

To do this with the LM391 is easy. Put a 1 Mfl resistor from 
pin 3 to the output and the open loop gain is reduced to 
about 46 dB. Now the open loop pole is at 30 kHz. The 
current in this resistor causes an offset in the input stage 
that can be cancelled with a resistor from pin 4 to ground. 
The resistor from pin 4 to ground should be 910 kf l rather 
than 1 MU to insure that the shutdown circuitry will operate 
correctly. The slight difference in resistors results in about 
15 mV of offset. The 40W, 8a amplifier schematic shows 
the hookup of these two resistors. 

BRIDGE AMPLIFIER 

A switch can be added to convert a stereo amplifer to a 
single bridge amplifer. The diagram below shows where the 
switch and one resistor are added. When operating in the 
bridge mode the output load is connected between the two 
outputs, the input is Vin #1, and Vin #2 is disconnected. 


OSCILLATIONS & GROUNDING 

Most power amplifiers work the first time they are turned on. 
They also tend to oscillate and have excess THD. Most os- 
cillation problems are due to inadequate supply bypassing 
and/or ground loops. A 10 juF, 50V electrolytic on each 
power supply will stop supply-related oscillations. However, 
if the signal ground is used for these bypass caps the THD 
is usually excessive. The signal ground must return to the 
power supply alone, as must the output load ground. All 
other grounds — bypass, output R-C, protection, etc., can tie 
together and then return to supply. This ground is called 
high frequency ground. On the 40W amplifier schematic all 
the grounds are labeled. 

Capacitive loads can cause instabilities, so they are isolated 
from the amplifier with an inductor and resistor in the output 
lead. 

AB BIAS CURRENT 

To reduce distortion in the output stage, all the transistors 
are biased ON slightly. This results in class AB operation 
and reduces the crossover (notch) distortion of the class B 
stage to a low level, (see performance curve, THD vs AB 
bias). The potentiometer, Rg, from pins 6-7 is adjusted to 
give about 25 mA of current in the output stage. This current 
is usually monitored at the supply or by measuring the volt- 
age across Re- 


Typical Applications (Continued) 


Bridge Circuit Diagram 



Output Transistors Selection Guide 


Table A. 


Power 

Driver Transistor 

Output Transistor 

Output 

PNP 

NPN 

PNP 

NPN 

20W @ 8a 

MJE711 

MJE721 

TIP42A 

TIP41A 

30W @ 4a 

MJE171 

MJE181 

2N6490 

2N6487 


D43C8 

D42C8 



40W @ 8a 

MJE712 

MJE722 

2N5882 

2N5880 

60W @ 4a 

MJE172 

MJE182 




D43C1 1 

D42C11 
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Application Hints (Continued) 


A 20W, 8H; 30W, 4ft AMPLIFIER 

Giyens: 

Rower Output 


20W into 8ft 
30W into 4ft 

Input Sensitivity IV Max 

Input Impedance 100k 

Bandwidth 20 Hz-20 kHz ± 0.25 dB 

Equations (1) and (2) give: 

20W/8ft V 0 p = 17.9V l 0 p = 2.24A 

30W/4ft Vqp = 15.5V l 0 P = 3.87A 

Therefore the supply required is: 

±23V @ 2.24A, reducing to . . . 

±21V @ 3.87A 

With 1 5% regulation and high line we get ± 29V from equa- 
tion (3). 

Sensitivity and equation (4) set minimum gain: 

V20 X 8 

A v ^ = 12.65 

We will use a gain of 20 with resulting sensitivity of 632 mV. 
Letting Rin equal 100k gives the required input impedance. 
For low DC offsets at the output we let Rf 2 = 100k. Solving 
for Rf 1 gives: 

R f2 = 100k 
100k 

R fi = = 5.26k; use 5.1k 

The bandwidth requirement must be stated as a pole, i.e., 
the 3 dB frequency. Five times away from a pole gives 0.17 
dB down, which is better than the required 0.25 dB. There- 
fore: 

20 

f L = — = 4 Hz 
5 

f h = 20k X 5 = 100 kHz 


Solving for Cf: 

Cf ^ U 1 / = 7.8 u,F; use 10 uF 

27rR fl f L 

The recommended value for Ce is 5 pF for gains of 20 or 
larger. This gives a gain-bandwidth product of 6.4 MHz and 
a resulting bandwidth of 320 kHz, better than required. 

The breakdown voltage requirement is set by the maximum 
supply; we need a minimum of 58V and will use 60V. We 
must now select a 60V power transistor with reasonable 
beta at lopeak. 3.87A. The TIP42, TIP41 complementary pair 
are 60V, 60W transistors with a minimum beta of 30 at 4A. 
The driver transistor must supply the base drive given 5 mA 
drive from the LM391. The MJE711, MJE721 complementa- 
ry driver transistors are 60V devices with a minimum beta of 
40 at 200 mA. The driver transistors should be much faster 
(higher fj) than the output transistors to insure that the R-C 
on the output will prevent instability. 

To find the heat sink required for each output transistor we 
use equations (7), (9), and (10): 

P5 = 0.4(30) = 12W (7) 

150°C — 55°C 

0 JA ^ = 7.9°c/w for T AM ax = 55°C (9) 

0 SA <; 7.9 - 2.1 - 1.0 = 4.8°C/W (10) 

If both transistors are mounted on one heat sink the thermal 
resistance should be halved to 2.4°C/W. 

The maximum average power dissipation in each driver is 
found using equation (8): 

12 

Pdriver(MAX) = 55 = 400 mW 


Using equation (9): 


- = 237°C/W 
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Application Hints (Continued) 

Since the free air thermal resistance of the MJE711, 
MJE721 is 100°C/W, no heat sink is required. Using this 
information and equation (6) we can find the minimum value 
of Re required to prevent thermal runaway. 


Re ^ 


100 (30) (0.002) 
30 + 1 


= 0.19ft 


( 6 ) 


We must now use the SOA data on the TIP42, TIP41 tran- 
sistors to set up the protection circuit. Below is the SOA 
curve with the 4ft and 8ft load lines. Also shown are the 
desired protection lines. Note the value of Vb is equal to the 
supply voltage, so we use the formulas in the table. 


D.C. SOA of TIP42, TIP41 



TL/H/7146-8 


The data points from the curve are: 

V M = 60V, V B = 23V, l L = 3A, l' L = 7A 
Using the dual slope protection formulas: 


0.65 

R e = — = 0 .22ft 
3 


R 2 = Ik 
/ 60 - 0.65 \ 

Rl = 1 k (-oii-H 1k 

Ra " 1k (7(0.22) - 0.65 0 ~ 


24k 


Note that an Re of 0.22ft satisfies equation (6). The final 
schematic of this amplifier is below. If the output is shorted 
the current will be 1 .8A and Vqe Is 23V. Since the input is 
AC, the average power is: 

short Pq = y 2 (1.8) (23) ~ 21 W 
This power is greater than was used in the heat sink calcula- 
tions, so the transistors will overheat for long-duration 
shorts unless a larger heat sink is used. 


Typical Applications (Continued) 


20W-8ft, 30W-4ft Amplifier with 1 Second Turn-ON Delay 



♦Additional protection for LM391 N; Schottky diodes and R » 100ft. 
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Application Hints (Continued) 

A 40W/8H, 60W/4H AMPLIFIER 


Given: 


Power Output 

40W/8tt 

60W/4a 

Input Sensitivity 

IV Max 

Input Impedance 

100k 

Bandwidth 

20 Hz-20 kHz ± 0.25 dB 

Equations (1) and (2) give: 



40W/8a Vopeak = 25.3V l 0 p ea k = 3.16A 

60W/41I Vopeak = 21.9V l 0 Peak = 5.48A 

Therefore the supply required is: 

± 30=3 V @ 3. 16A, reducing to .. . 

± 26.9V @ 5.48A 

With 15% regulation and high line we get ± 38.3V using 
equation (3). 

The minimum gain from equation (4) is: 

A v ^18 

We select a gain of 20; resulting sensitivity is 900 mV. 

The input impedance and bandwidth are the same as the 20 
watt amplifier so the components are the same. 

Rf 1 = 5.1k R|n = 100k Cq = 5 pF 
Rf 2 = 100k C f =10jnF 

The maximum supplies dictate using 80V devices. The 
2N5882, 2N5880 pair are 80V, 160W transistors with a mini- 
mum beta of 40 at 2A and 20 at 6A. This corresponds to a 
minimum beta of 22.5 at 5.5A (lopeak)- The MJE712, 
MJE722 driver pair are 80V transistors with a minimum beta 
of 50 at 250 mA. This output combination guarantees lopeak 
with 5 mA from the LM391 . 

Output transistor heat sink requirements are found using 
equations (7), (9), and (10): 

Pj5 = 0.4 (60) = 24W (7) 

0JA ^ £2£-I_j!5 = 6.0°C/W for T A max = 55°C (9) 

0 S A s; 6.0 - 1.1 - 1.0 = 3.9°C/W (10) 

For both output transistors on one heat sink the thermal 
resistance should be 1.9°C/W. 

Now using equation (8) we find the power dissipation in the 
driver: 

Pdriver = = 1 2W (8) 

Oja * 15 °~ 55 = 79-C/W (9) 


Since a heat sink is required on the driver, we should inves- 
tigate the output stage thermal stability at the same time to 
optimize the design. If we find a value of Re that is good for 
the protection circuitry, we can then use equation (5) to find 
the heat sink required for the drivers. 

The SOA characteristics of the 2N5882, 2N5880 transistors 
are shown in the following curve along with a desired pro- 
tection line. 


SOA 2N5882, 2N5880 



Vce (VOLTS) 

TL/H/71 46-10 


The desired data points are: 

V M = 80V V B = 47V l L = 3A f L = 11A 
Since the break voltage is not equal to the supply, we will 
use two resistors to replace R3 and move V B . 


Circuit Used 



TL/H/7146-11 


Thevenin Equivalent 
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Application Hints (Continued) 

The formulas for Re, Ri, and R 2 do not change: 


R 2 = Ik 


R E 


Ri = Ik 


0.65 

3A 


8 0 - 0.65 
0.65 


= 0.22 a 


= 120 k 


The formula for R 3 now gives Rjh when the V+ in the for- 
mula becomes V B . 


R T h = R 2 


V B 


I l Re-4> 


- 1 


= Ik 


47 

11 (0.22) - 0.65 


- 25.55k 


Vjh is the additional voltage added to the supply voltage to 
get V B . 

V TH = ~(V B ~ V+) = -(47 - 30) = -17V 
Now we must find Rj and R 3 using the Thevenin formulas. 
Putting Vjh, V - , and Rjh into the appropriate formulas re- 
duces to: 

R| = 0.76 R 3 and 25.55k = R$ || R| 


Typical Applications (Continued) 


The easiest way to solve these equations is to iterate with 
standard values. If we guess R A = 62k, then R 3 = 47.12k; 
use 47k. The Thevenin impedance comes out 26.7k, which 
is close enough to 25.55k. 

Now we will use equation (5) to determine the heat sinking 
requirements of the drivers to insure thermal stability: 


^ 0.22 (20 + 1 ) 
JA 40 (0.002) 


~ 57°C/W 


( 5 ) 


This value is lower than we got with equation (9), so we will 
use it in equation ( 10 ): 


0 S A ^ 57 — 6 — 1 = 50°C/W (10) 

This is the required heat sink for each driver. For low TIM 
we add the 1 Mft resistor from pin 3 to the output and a 
910k resistor from pin 4 to ground. The complete schematic 
is shown below. 


If the output is shorted, the transistor voltage is about 28 V 
and the current is 5A. Therefore the average power is: 
short PD = y 2 (28)5 = 70W 

This is much larger than the power used to calculate the 
heat sinks and the output transistors will overheat if the out- 
put is shorted too long. 


40W-8H, 60W-4tt Amplifier 



Note: All Grounds Should be Tied Together 
Only at Power Supply Ground. 

tAdditional protection for LM391N; Schottky diodes and R = lOOfl. 
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National Semiconductor 


LM831 Low Voltage Audio Power Amplifier 

General Description 

The LM831 is a dual audio power amplifier optimized for 
very low vbltage operation. The LM831 has two indepen- 
dent amplifiers, giving stereo or higher power bridge (BTL) 
operation from two- or three-cell power supplies. 

The LM831 uses a patented compensation technique to re- 
duce high-frequency radiation for optimum performance in 
AM radio applications. This compensation also results in 
lower distortion and less wide-band noise. 

The input is direct-coupled to the LM831, eliminating the 
usual coupling capacitor. Voltage gain is adjustable with a 
single resistor. 


Features 

■ Low voltage operation, 1 .8V to 6.0V 

■ High power, 440 mW, 8 Cl, BTL, 3V 

■ Low AM radiation 

■ Low noise 

■ Low THD 

Applications 

■ Portable tape recorders 

■ Portable radios 

■ Headphone stereo 

■ Portable speakers 



Typical Application 

Dual Amplifier with Minimum Parts 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vs 7.5V 

Input Voltage, Vjn ± 0.4V 

Power Dissipation (Note 1 ), Pp 1 3W (M Package) 

1 .4W (N Package) 

Operating T emperature (Note 1 ), T opr - 40°C to + 85°C 

Electrical Characteristics 


Unless otherwise specified, Ta = 25°C, Vs = 3V, f = 1 kHz, test circuit is dual or BTL amplifier with minimum parts. 


Symbol 

Parameter 

Conditions 

Typ 

Tested Limit 

Unit (Limit) 

Vs 

Operating Voltage 



1.8 

V(Min) 





6 

V(Max) 

'Q 

Supply Current 

Vin = 0, Dual Mode 


10 

mA (Max) 



V )N = 0, BTL Mode 


15 

mA (Max) 

Vos 

Output DC Offset 

V| N = 0, BTL Mode 

10 

50 

mV (Max) 

Rin 

Input Resistance 


25 

15 

k (Min) 





35 

k (Max) 

Av 

Voltage Gain 

V| N = 2.25 rnV rms , f = 1 kHz, 

46 

44 

dB (Min) 



Dual Mode 


48 

dB (Max) 

PSRR 

Supply Rejection 

V s = 3V + 200 mV rms @ f = 1 kHz 

46 

30 

dB (Min) 

p OD 

Power Out 

V S = 3V, R l = 4H, 

10% THD, Dual Mode 

220 

150 

mW (Min) 

p ODL 

Power Out Low, Vs 

V s = 1.8V, R l = 4H, 

10% THD, Dual Mode 

45 

10 

mW (Min) 

p OB 

Power Out 

V s = 3V, R l = 8H, 

10% THD, BTL Mode 

440 

300 

mW (Min) 

P OBL 

Power Out Low, Vs 

V s = 1.8V, R l = 8fl, 

10% THD, BTL Mode 

90 

20 

mW (Min) 

Sep 

Channel Separation 

Referenced to Vo = 200 mV rms 

52 

40 

dB (Min) 

•b 

Input Bias Current 


1 

2 

juA (Max) 

E n0 

Output Noise 

Wide Band (250 ~ 35 kHz) 

250 

500 

jxV (Max) 

THD 

— 

Distortion 

V s = 3V, P 0 = 50 mW, 
f = 1 kHz, Dual 

0.25 

1 

% (Max) 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance 
of 98°C/W junction to ambient for the M package or 90°C/W junction to ambient for the N package. 


Connection Diagram 


Dual-ln-Line Package 



Top View 

Order Number LM831M or N 
See NS Package Number M16B or N16E 


Storage Temperature, T s t g 
Junction Temperature, Tj 
Lead Temp. (Soldering, 10 sec.), T|_ 
Thermal Resistance 
0 jc(DIP) 

0ja(D'P) 

0jc (SO Package) 

0ja (SO Package) 


- 65°C to + 1 50°C 
+ 150°C 
+ 260°C 

27°C/W 

75°C/W 

20°C/W 

95°C/W 
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Typical Performance Characteristics 

Supply Current vs Supply Voltage 
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Typical Performance Characteristics (Continued) 


Separation vs Frequency 



20 SO 100 200 500 IK 2K 5K 10K 20K 


Power Output vs Supply Voltage 



1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 


FREQUENCY (Hz) 


SUPPLY VOLTAGE (V) 



20 50 100 200 500 IK 2K 5K 10K 20K 50K TOOK 

FREQUENCY (Hz) 


Power Output vs Temperature 



-50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 



20 50 100 200 500 IK 2K 5K 10K 20K 50K 100K 


FREQUENCY (Hz) 


Bandwidth vs BW Capacitance 



BW CAPACITOR (pF) 


TL/H/6754-5 
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Typical Performance Characteristics (Continued) 


Dual Mode, R\_ = 40 Distortion vs Frequency 



20 50 100 200 500 IK 2K 5K 10K 20K 

FREQUENCY (Hz) 


Dual Mode, Rl = 80 Distortion vs Frequency 



Distortion vs Power Output (Note 2) 


Distortion vs Power Output (Note 2) 
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Power Dissipation vs Power Output 
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LM831 



LM831 Circuit Description Refer to the external component diagram and equivalent Schematic. 


The power supply is applied to Pin 9 and is filtered by resis- 
tor R-| and capacitor Cby on Pin 16. This filtered voltage at 
Pin 16 is used to bias all of the LM831 circuits except the 
power output stage. Resistor Rq generates a biasing current 
that sets the output DC voltage for optimum output power 
for any given supply voltage. 

Feedback is provided to the input transistor Qi emitter by 
R@ and R 7 . 


The capacitor Cnf on Pin 2 provides unity DC gain for maxi- 
mum DC accuracy. 

Q 2 provides voltage gain and the rest of the devices buffer 
the output load from C^’s collector. 

Bootstrapping of Pin 5 by Cbs allows maximum output 
swing and improved supply rejection. 

R 5 is provided for bridge (BTL) operation. 


External Component Diagram 



TL/H/6754-12 
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LM831 Circuit Description (Continued) 



LM831 


ExtGrnHl COITlpOnGntS (Refer to External Component Diagram) 

Component 

Comments 

Min 

Max 

Co 

Required to stabilize output stage. 

0.33 fiF 

1 |u,F 

Cc 

Output coupling capacitors for Dual Mode. Sets a low-frequency pole in 
the frequency response. . 

,L 27tC c R l 

100 fiF 

10,000 jmF 

Cbs 

Bootstrap capacitors. Sets a low-frequency pole in the power BW. 
Recommended value is 

, Bb 10*27r*f L *R L 

22 jaF or 
(short Pins 

4 & 1 2 to 9) 

470 jaF 

Cs 

Supply bypass. Larger values improve low-battery performance by 
reducing supply ripple. 

47 jllF 

10,000 jaF 

Cby 

Filters the supply for improved low-voltage operation. Also sets 
turn-on delay. 

47 fiF 

470 julF 

Cnf 

Sets a low-frequency response. Also affects turn-on delay. 

27T*Cnf*(RaV "F 80) 

In BTL Mode, Cnf on Pin 1 5 can be reduced without affecting the 
frequency response. However, the turn-on “POP“ will be worsened. 

10 jllF 

100 fiF 

Cbtl 

Used only in the Bridge Mode. Connects the output of the first amplifier to 
the inverting input of the other through an internal resistor. Sets a low- 
frequency pole in one-half the frequency response. 

" ' T 1 

L 27T«CBTL # 16k 

0.1 fiF 

1 jmF 

Cbw 

Improves clipping waveform and sets the high-frequency bandwidth. 

Works with an internal 1 6k resistor. (This equation applies for Rav ^ 0. 

For 46 dB application, see BW- Cbw curve.) 

, H - 1 

M 27r«C B w*16k 

See table below 

Rav 

Used to reduce the gain and improve the distortion and signal to noise. If 
this is desired, Cbw m ust also be used. 

See table below 


Typical Ay 

Rav 

Cbw 

Min 

Max 

46 dB 

Short 

Open 

4700 pF 

40 dB 

82 

100 pF 

4700 pF 

34 dB 

240 

270 pF 

4700 pF 

28 dB 

560 

500 pF 

4700 pF 

% 


1-64 















TL/H/6754-14 

Note: Power ground pattern should be as wide as possible. Supply bypass capacitor should be as close to the 1C as possible. Output compensation capacitors 
should also be close to the 1C. 
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LM1875 


National Semiconductor 


LM1875 20W Audio Power Amplifier 


General Description 


The LM1875 is a monolithic power amplifier offering very 
low distortion and high quality performance for consumer 
audio applications. 

The LM1875 delivers 20 watts into a 4H or 8H load on 
±25V supplies. Using an 811 load and ±30V supplies, over 
30 watts of power may be delivered. The amplifier is de- 
signed to operate with a minimum of external components. 
Device overload protection consists of both internal current 
limit and thermal shutdown. 

The LM1875 design takes advantage of advanced circuit 
techniques and processing to achieve extremely low distor- 
tion levels even at high output power levels. Other outstand- 
ing features include high gain, fast slew rate and a wide 
power bandwidth, large output voltage swing, high current 
capability, and a very wide supply range. The amplifier is 
internally compensated and stable for gains of 1 0 or great- 


Features 

■ Up to 30 watts output power 

■ Ayo typically 90 dB 

■ Low distortion: 0.015%, 1 kHz, 20 W 

■ Wide power bandwidth: 70 kHz 

■ Protection for AC and DC short circuits to ground 

■ Thermal protection with parole circuit 

■ High current Capability: 4A 

■ Wide supply range 16V-60V 

■ Internal output protection diodes 

■ 94 dB ripple rejection 

■ Plastic power package TO-220 

Applications 

■ High performance audio systems 

■ Bridge amplifiers 

■ Stereo phonographs 

■ Servo amplifiers 

■ Instrument systems 


Connection Diagram 


Typical Applications 



;R1 <R2 I LM1875 

•” rAw 


C4 —I— yXS 1“ 0 

0.1 uF “nr" ■■■■—' — 

+JJ0OjiF ” 

~R4 “ 

20k 


Order Number LM1875T 
See NS Package Number T05B 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 60 V 

Input Voltage - Vee to Vcc 


Storage T emperature - 6 

Junction Temperature 
Lead Temperature (Soldering, 10 seconds) 
0JC 
0JA 


Electrical Characteristics 

V<x= + 25V, -Vee= -25V, Tambient = 25°C, R|_ = 8ft, Av = 20 (26 dB), f 0 = 1 kHz, unless otherwise specified. 


Conditions 


Typical 


Tested Limits 


Supply Current 


Output Power (Note 1) 


Pout— ow 




Note 1: Assumes the use of a heat sink having a thermal resistance of 1°C/W and no insulator with an ambient temperature of 25°C. Because the output limiting 
circuitry has a negative temperature coefficient, the maximum output power delivered to a 4ft load may be slightly reduced when the tab temperature exceeds 


55°C. 

Typical Applications (Continued) 

Typical Single Supply Operation 



TL/H/5030-3 
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TOTAL HARMONIC DISTORTION (%) 


$2 Typical Performance Characteristics 


THD vs Power Output 
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Voltage 


35 r- 1 r 

R l = 80. 

30 THD = 1% ' 
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SUPPLY VOLTAGE (±V) 


Supply Current vs Supply 
Voltage 
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SUPPLY VOLTAGE (±V) 


Power Dissipation vs 
Power Output 

T I I V s = ±30V 


PSRR vs Frequency 
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Power Dissipation vs 
Power Output 
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Device Dissipation vs 
Ambient Temperaturet 
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T a - AMBIENT TEMPERATURE (°C) 
t4>INTERFACE = 1°C/W. 

See Application Hints. 

Iout Vs VouT"Current Limit/ 
Safe Operating Area Boundary 
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Open Loop Gain and 
Phase vs Frequency 
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■Mill S3 



1M 

FREQUENCY (Hz) 


Input Bias Current 
vs Supply Voltage 

f I nO. = 70°C 
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SUPPLY VOLTAGE (±V) 


Thermal shutdown with infinite heat sink 
’Thermal shutdown with 1°C/W heat sink 
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LM1875 


Application Hints 

STABILITY 

The LM1875 is designed to be stable when operated at a 
closed-loop gain of 10 or greater, but, as with any other 
high-current amplifier, the LM1875 can be made to oscillate 
under certain conditions. These usually involve printed cir- 
cuit board layout or output/input coupling. 

Proper layout of the printed circuit board is very important. 
While the LM1875 will be stable when installed in a board 
similar to the ones shown in this data sheet, it is sometimes 
necessary to modify the layout somewhat to suit the physi- 
cal requirements of a particular application. When designing 
a different layout, it is important to return the load ground, 
the output compensation ground, and the low level (feed- 
back and input) grounds to the circuit board ground point 
through separate paths. Otherwise, large currents flowing 
along a ground conductor will generate voltages on the con- 
ductor which can effectively act as signals at the input, re- 
sulting in high frequency oscillation or excessive distortion. 
It is advisable to keep the output compensation compo- 
nents and the 0.1 /utF supply decoupling capacitors as close 
as possible to the LM1875 to reduce the effects of PCB 
trace resistance and inductance. For the same reason, the 
ground return paths for these components should be as 
short as possible. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 
leads are long. The problem can be eliminated by placing a 
small capacitor (on the order of 50 pF to 500 pF) across the 
circuit input. 

Most power amplifiers do not drive highly capacitive loads 
well, and the LM1875 is no exception. If the output of the 
LM1875 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.1 jaF. The amplifier 
can typically drive load capacitances up to 2 juF or so with- 
out oscillating, but this is not recommended. If highly capaci- 
tive loads are expected, a resistor (at least 1 ft) should be 
placed in series with the output of the LM1875. A method 
commonly employed to protect amplifiers from low imped- 
ances at high frequencies is to couple to the load through a 
10ft resistor in parallel with a 5 jaH inductor. 

DISTORTION 

The preceding suggestions regarding circuit board ground- 
ing techniques will also help to prevent excessive distortion 
levels in audio applications. For low THD, it is also neces- 
sary to keep the power supply traces and wires separated 
from the traces and wires connected to the inputs of the 
LM1875. This prevents the power supply currents, which 
are large and nonlinear, from inductively coupling to the 
LM1875 inputs. Power supply wires should be twisted to- 
gether and separated from the circuit board. Where these 
wires are soldered to the board, they should be perpendicu- 
lar to the plane of the board at least to a distance of a 
couple of inches. With a proper physical layout, THD levels 
at 20 kHz with 10W output to an 8ft load should be less 
than 0.05%, and less than 0.02% at 1 kHz. 


CURRENT LIMIT AND SAFE OPERATING AREA (SOA) 
PROTECTION 

A power amplifier’s output transistors can be damaged by 
excessive applied voltage, current flow, or power dissipa- 
tion. The voltage applied to the amplifier is limited by the 
design of the external power supply, while the maximum 
current passed by the output devices is usually limited by 
internal circuitry to some fixed value. Short-term power dis- 
sipation is usually not limited in monolithic audio power am- 
plifiers, and this can be a problem when driving reactive 
loads, which may draw large currents while high voltages 
appear on the output transistors. The LM1875 not only limits 
current to around 4A, but also reduces the value of the limit 
current when an output transistor has a high voltage across 
it. 

When driving nonlinear reactive loads such as motors or 
loudspeakers with built-in protection relays, there is a possi- 
bility that an amplifier output will be connected to a load 
whose terminal voltage may attempt to swing beyond the 
power supply voltages applied to the amplifier. This can 
cause degradation of the output transistors or catastrophic 
failure of the whole circuit. The standard protection for this 
type of failure mechanism is a pair of diodes connected be- 
tween the output of the amplifier and the supply rails. These 
are part of the internal circuitry of the LM1875, and needn’t 
be added externally when standard reactive loads are driv- 
en. 

THERMAL PROTECTiON 

The LM1875 has a sophisticated thermal protection scheme 
to prevent long-term thermal stress to the device. When the 
temperature on the die reaches 170°C, the LM1875 shuts 
down. It starts operating again when the die temperature 
drops to about 1 45°C, but if the temperature again begins to 
rise, shutdown will occur at only 1 50°C. Therefore, the de- 
vice is allowed to heat up to a relatively high temperature if 
the fault condition is temporary, but a sustained fault will 
limit the maximum die temperature to a lower value. This 
greatly reduces the stresses imposed on the 1C by thermal 
cycling, which in turn improves its reliability under sustained 
fault conditions. 

Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen for thermal resist- 
ance low enough that thermal shutdown will not be reached 
during normal operation. Using the best heat sink possible 
within the cost and space constraints of the system will im- 
prove the long-term reliability of any power semiconductor 
device. 

POWER DISSIPATION AND HEAT SINKING 

The LM1875 must always be operated with a heat sink, 
even when it is not required to drive a load. The maximum 
idling current of the device is 100 mA, so that on a 60V 
power supply an unloaded LM1875 must dissipate 6W of 
power. The 54°C/W junction-to-ambient thermal resistance 
of a TO-220 package would cause the die temperature to 
rise 324°C above ambient, so the thermal protection circuit- 
ry will shut the amplifier down if operation without a heat 
sink is attempted. 
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Application Hints (Continued) 

In order to determine the appropriate heat sink for a given 
application, the power dissipation of the LM1875 in that ap- 
plication must be known. When the load is resistive, the 
maximum average power that the 1C will be required to dissi- 
pate is approximately: 

Vs 2 

PD (MAX) = i ^+ P Q 

where Vs is the total power supply voltage across the 
LM1875, R|_ is the load resistance, and Pq is the quiescent 
power dissipation of the amplifier. The above equation is 
only an approximation which assumes an “ideal” class B 
output stage and constant power dissipation in all other 
parts of the circuit. The curves of “Power Dissipation vs 
Power Output” give a better representation of the behavior 
of the LM1875 with various power supply voltages and re- 
sistive loads. As an example, if the LM1875 is operated on a 
50V power supply with a resistive load of 8H, it can develop 
up to 1 9W of internal power dissipation. If the die tempera- 
ture is to remain below 150°C for ambient temperatures up 
to 70°C, the total junction-to-ambient thermal resistance 
must be less than 

150°C— 70°C 


Using 0jc=2 o C/W, the sum of the case-to-heat-sink inter- 
face thermal resistance and the heat-sink-to-ambient ther- 
mal resistance must be less than 2.2°C/W. The case-to- 
heat-sink thermal resistance of the TO-220 package varies 
with the mounting method used. A metal-to-metal interface 
will be about 1°C/W if lubricated, and about 1.2°C/W if dry. 


If a mica insulator is used, the thermal resistance will be 
about 1 .6°C/W lubricated and 3.4°C/W dry. For this exam- 
ple, we assume a lubricated mica insulator between the 
LM1875 and the heat sink. The heat sink thermal resistance 
must then be less than 
4.2°C/W-2°C/W- 1 .6°C/W= 0.6°C/W. 

This is a rather large heat sink and may not be practical in 
some applications. If a smaller heat sink is required for rea- 
sons of size or cost, there are two alternatives. The maxi- 
mum ambient operating temperature can be reduced to 
50°C (122°F), resulting in a 1.6°C/W heat sink, or the heat 
sink can be isolated from the chassis so the mica washer is 
not needed. This will change the required heat sink to a 
1 .2°C/W unit if the case-to-heat-sink interface is lubricated. 

Note: When using a single supply, maximum transfer of heat away from the 
LM1875 can be achieved by mounting the device directly to the heat 
sink (tab is at ground potential); this avoids the use of a mica or other 
type insulator. 

The thermal requirements can become more difficult when 
an amplifier is driving a reactive load. For a given magnitude 
of load impedance, a higher degree of reactance will cause 
a higher level of power dissipation within the amplifier. As a 
general rule, the power dissipation of an amplifier driving a 
60° reactive load (usually considered to be a worst-case 
loudspeaker load) will be roughly that of the same amplifier 
driving the resistive part of that load. For example, a loud- 
speaker may at some frequency have an impedance with a 
magnitude of 811 and a phase angle of 60°. The real part of 
this load will then be 411, and the amplifier power dissipation 
will roughly follow the curve of power dissipation with a 411 
load. 


Component Layouts 


Split Supply 


Single Supply 







I’.' 1 
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LM1876 



National Semiconductor 


PRELIMINARY 


LM1876 Ovcvtuv C Audio Power Amplifier Series 

Dual 20W Audio Power Amplifier 
with Mute and Standby Modes 


General Description 

The LM1876 is a stereo audio amplifier capable of deliver- 
ing typically 20W per channel of continuous average output 
power into a 4a or 8a load with less than 0.1 % (THD + N). 
Each amplifier has ah independent smooth transition fade- 
in/out mute and a power conserving standby mode which 
can be controlled by external logic. 

The performance of the LM1876, utilizing its Self Peak In- 
stantaneous Temperature (°Ke) (SPiKeTM) Protection Cir- 
cuitry, places it in a class above discrete and hybrid amplifi- 
ers by providing an inherently, dynamically protected Safe 
Operating Area (SOA). SPiKe Protection means that these 
parts are safeguarded at the output against overvoltage, un- 
dervoltage, overloads, including thermal runaway and in- 
stantaneous temperature peaks. 


Key Specifications 

■ THD + N at 1 kHz at 2 x 15W continuous average 

output power into 4H or 8fl 0.1% (max) 

■ THD + N at 1 kHz at continuous average 

output power of 2 x 20W into 8a 0.009% (typ) 

■ Standby current 4.2 mA (typ) 

Features 

■ SPiKe Protection 

■ Minimal amount of external components necessary 

■ Quiet fade-in/out mute mode 

■ Standby-mode 

■ Isolated 15-lead TO-220 package 

Applications 

■ High-end stereo TVs 

■ Component stereo 

■ Compact stereo 


Typical Application 


Connection Diagram 



TL/H/ 12072-1 

FIGURE 1. Typical Audio Amplifier Application Circuit 

Note: Numbers in parentheses represent pinout for amplifier B. 

’Optional component dependent upon specific design requirements. 


Isolated Plastic Package 


v cc B 

Standby B 
+ In B 

- In B 
Mute B 
GNO B 
Standby A 
+ In A 

- In A 
Mute A 
GND A 


Out A 


Out B 


TL/H/ 12072-2 

Top View 

Order Number LM1876TF 
See NS Package Number TF15B 
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National Semiconductor 


LM1877 Dual Audio Power Amplifier 


General Description 

The LM1877 is a monolithic dual power amplifier designed 
to deliver 2W/channel continuous into 8 Cl loads. The 
LM1877 is designed to operate with a low number of exter- 
nal components, and still provide flexibility for use in stereo 
phonographs, tape recorders and AM-FM stereo receivers, 
etc. Each power amplifier is biased from a common internal 
regulator to provide high power supply rejection, and output 
Q point centering. The LM1877 is internally compensated 
for all gains greater than 10. 

Features 

■ 2W/channel 

■ -65 dB ripple rejection, output referred 

■ -65 dB channel separation, output referred 


■ Wide supply range, 6V-24V 

■ Very low cross-over distortion 

■ Low audio band noise 

■ AC short circuit protected 

■ Internal thermal shutdown 

Applications 

■ Multi-channel audio systems 

■ Stereo phonographs 

■ Tape recorders and players 

■ AM-FM radio receivers 

■ Servo amplifiers 

■ Intercom systems 

■ Automotive products 


Connection Diagram 


DuaMn-Line Package 
or Surface Mount Package 



Equivalent Schematic Diagram 


Order Number LM1877M-9 or LM1877N-9 
See NS Package Number M14B or N14A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 
Supply Voltage 26V 

Input Voltage ±0.7V 

Operating Temperature 0°C to + 70°C 

Storage Temperature - 65°C to + 1 50°C 

Junction Temperature 150°C 


Electrical Characteristics 

V§ = 20V, Ta = 25°C, (See Note 1) Rl ^ 8ft, Av = 50 (34 dB) unless otherwise specified 


Lead Temperature 

' ’ ^ ; 

N-Package Soldering (10 sec.) 

260°C 

M-Package Infared (15 sec.) 

220°C 

M-Package Vapor Phase (60 sec.) 

215°C 

Thermal Resistance 


0jc (N-Package) 

30°C/W 

0ja (N-Package) ■ , v 

79°C/W 

0jc (M-Package) 

27°C/W 

0ja (M-Package) 

114°C/W 


Parameter 

Conditions 

Min 

Typ 

Masc 

Units 

Total Supply Current 

P 0 = ow 


25 

50 

mA 

Output Power 

LM1877 

THD = 10% 

V s = 20V, R l = 8ft 

V s = 12V, R l = 8ft 

2.0 

1.3 


W/Ch 

W/Ch 

Total Harmonic Distortion 
LM1877 

f = 1 kHz, V s = 14V 






Po = 50 mW/Channel 


0.075 


% 


Pq = 500 mW/Channel 


0.045 


% 


Po = 1 W/Channel 


0.055 


% 

Output Swing 

Rj_ = 8ft 


Vs -6 


Vp-p 

Channel Separation 

Cp = 50 juF, C|fg = 0.1 juF, 
f = 1 kHz, Output Referred 






V S = 20 V, V Q = 4 Vrms 

-50 

-70 


dB 


V s = 7V, V Q = 0.5 Vrms 


-60 


dB 

PSRR Power Supply 
Rejection Ratio 

Cp = 50 jaF, C|(sj = 0.1 fxF, 
f = 120 Hz, Output Referred 






Vs = 20V, Vrippj_e = 1 Vrms 

-50 

-65 


dB 


Vs = 7V, Vripple = 0.5 Vrms 


-40 


dB 

Noise 

Equivalent Input Noise 






Rs = 0, C|n = 0.1 jmF, 

BW = 20 Hz-20 kHz, Output Noise Wideband 

? 


■ 

,*V 


Rs = 0, Cn = 0.1 jutF, Ay 200 


0.80 


mV 

Open Loop Gain 

Rs = 0, f = 100 kHz, R l = 8ft 


70 


dB 

Input Offset Voltage 



15 


mV 

Input Bias Current 



50 


nA 

Input Impedance 

Open Loop 


4 


Mft 

DC Output, Level 

V s = 20V 

9 

10 

11 

V 

Slew Rate 



2.0 


V/jas 

Power Bandwidth 



65 


kHz 

Current Limit 



1.0 


A 


Note 1: For operation at ambient temperature greater than 25°C, the LM1877 must be derated based on a maximum 150°C junction temperature. 
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DEVICE DISSIPATION (W) 

BOTH CHANNELS OPERATING AVERAGE SUPPLY CURRENT (mA) POWER SUPPLY REJECTION (dB) DEVICE DISSIPATION (W) 


Typical Performance Characteristics 
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Device Dissipation vs 
Ambient Temperature 
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(Referred to the Output) vs 
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to the Output) vs Frequency 
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Average Supply Current vs 
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Total Harmonic Distortion 
vs Frequency 
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Power Dissipation (W) 
Both Channels Operating 
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Open Loop Gain vs 
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Output Swing vs Supply 
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SUPPLY VOLTAGE (V) 



TL/H/7913-3 






VOLTAGE GAIN OF TONE CONTROL <dB) 


Typical Applications 



Tl/H/7913-4 

Frequency Response of Bass Tone Control Inverting Unity Gain Amplifier 



TL/H/7913-6 
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LM1896/LM2896 



National Semiconductor 


LM1896/LM2896 Dual Audio Power Amplifier 


General Description 

The LM1896 is a high performance 6V stereo power amplifi- 
er designed to deliver 1 watt/channel into 4ft or 2 watts 
bridged monaural into 8a. Utilizing a unique patented com- 
pensation scheme, the LM1896 is ideal for sensitive AM 
radio applications. This new circuit technique exhibits lower 
wideband noise, lower distortion, and less AM radiation than 
conventional designs. The amplifier’s wide supply range 
(3V-9V) is ideal for battery operation. For higher supplies 
(V$ > 9V) the LM2896 is available in an 11 -lead single-in- 
line package. The LM2896 package has been redesigned, 
resulting in the slightly degraded thermal characteristics 
shown in the figure Device Dissipation vs Ambient Tempera- 
ture. 


Features 

■ Low AM radiation 

■ Low noise 

■ 3V, 4ft, stereo P 0 = 250 mW 

■ Wide supply operation 3V-15V (LM2896) 

■ Low distortion 

■ No turn on “pop” 

■ Adjustable voltage gain and bandwidth 

■ Smooth waveform clipping 

■ P 0 = 9W bridged, LM2896 

Applications 

■ Compact AM-FM radios 

■ Stereo tape recorders and players 

■ High power portable stereos 


Typical Applications 



TL/H/7920-1 

FIGURE 1. LM2896 in Bridge Configuration (A v = 400, BW = 20 kHz) 
Order Number LM 1 896N Order Number LM2896P 
See NS Package Number N14A See NS Package Number PI 1A 
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Absolute Maximum Ratings 









If Military/ Aerospace specified devices are required, 

Junction Temperature 




150°C 

1 please contact the 

National Semiconductor Sales 

Lead Temperature (Soldering, 10 sec.) 


260°C 

Office/Distributors for availability and specifications. 

Thermal Resistance 






Supply Voltage 


0JC (DIP) 






30°C/W 

LM1896 

V S = 12V 

0ja (DIP) 






137°C/W 

LM2896 

V s = 18V 

0jc(SIP) 






10°C/W 

Operating T emperature (Note 1 ) 0°C to + 70°C 

0ja(SIP) 






55°C/W 

Storage Temperature 

— 65°C to +150°C 









Electrical Characteristics 









Unless otherwise specified, Ta = 25°C, Ay = 200 (46 dB). For the LM1896; Vs = 6V and R|_ = 

4a. For LM2896, 

| Tjab = 25°C, Vs = 12V and Rl = 8a. Test circuit shown in Figure 2. 











LM1896 

LM2896 


Parameter 

Conditions 








Units 


Min 

Typ 

Max 

Min 

Typ 

Max 





P 0 = 0W, Dual Mode 


15 





mA 

Operating Supply Voltage 


m 

■1 

10 

3 


15 

V 

Output Power 

THD = 10%, f = 1 kHz 







■ 


LM1896N-1 

V s = 6V, R l = 4H Dual Mode " 








W/ch 

LM1896N-2 

Vs = 6V, Rl = 8a Bridge Mode 

\ T A = 25°C 



2.1 




W 


Vs = 9V, Rl = 8H Dual Mode 



HI 





W/ch 

LM2896P-1 

V s = 12V, R l = 8a Dual Mode ] 





2.0 



W/ch 

LM2896P-2 

V s = 12V, R l = 8a Bridge Mode 
Vs = 9V, Rl = 4a Bridge Mode 

Ttab = 25»C 


■ 


7.2 


| 

W 

W 


V s = 9V, R l = 4a Dual Mode J 



1 





W/ch 

Distortion 

f = 1 kHz 

P 0 = 50 mW 



0.09 



0.09 

| 

% 


P 0 = 0.5W 



0.11 



0.11 


% 


P 0 = 1W 






0.14 

■ 

% 

Power Supply Rejection 

Cgy = 100 ju-F, f = 1 kHz, C|n = 0.1 ju,F 




-40 



dB 

Ratio (PSRR) 

Output Referred, Vripple = 250 mV 



Channel Separation 

C B y = 100 juiF, f = 1 kHz, C| N = 0.1 jwF 

-50 

-64 



G 


dB 


Output Referred 




Noise 

Equivalent Input Noise Rs = 0, 

C| N = 0.1 juF, BW = 20 - 20 kHz 



1.4 



H 

■ 

l*v 


CCIR/ARM 



1.4 



M 




Wideband 



2.0 




1 

M.V 

DC Output Level 



3 


5.6 

6 

m 

V 

Input Impedance 


50 

100 

350 

50 

100 

350 

ka 

Input Offset Voltage 



5 



5 



Voltage Difference 
between Outputs 



10 

20 


m 


mV 

Input Bias Current 






m3 


nA 

Note 1: For operation at ambient temperature greater than 25°C, the LM1896/LM2896 must be derated based on a maximum 150°C junction temperature using a 

thermal resistance which depends upon mounting techniques. 
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LM1896/LM2896 


Typical Performance Curves 


LM2896 Device Dissipation 
vs Ambient Temperature 



0 10 20 30 40 50 60 70 80 


LM1896 Maximum Device 
Dissipation vs Ambient 
Temperature 



0 10 20 30 40 50 60 70 80 


Ta-AMBIENT TEMPERATURE (°C) 


T a - AMBIENT TEMPERATURE (°C) 


-3 dB Bandwidth vs Voltage 
Gain for Stable Operation 



0 100 200 300 400 500 600 
Ay(V/V) 


THD and Gain vs Frequency 
A v = 54 dB, BW = 30 kHz 


THD and Gain vs Frequency 
A v - 54 dB, BW = 5 kHz 


THD and Gain vs Frequency 
Ay = 46 dB, BW - 50 kHz 





20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hi) 



20 50 100 200 500 Ik 2k Sk 10k 20k 



20 50 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hi) 


FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 40dB,BW = 20 kHz 



FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 34 dB, BW = 50 kHz 



AM Recovered Audio and Noise 
vs Field Strength for Different 
Speaker Lead Placement 



Power Supply Rejection Ratio 

(Referred to the Output) Channel Separation (Referred 

vs Frequency to the Output) vs Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Power Output vs 
Supply Voltage 



SUPPLY VOLTAGE (V) 

TL/H/7920-2 
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LM1896/LM2896 


Typical Applications (Continued) 



v + 



6, 9 No connection on LM1896. 

( ) Indicates pin number for LM2896 

FIGURE 2. Stereo Amplifier with A v = 200, BW - 30 kHz 


External Components (Figure 2> 


Components 

1. R2, R5, RIO, R13 

2. R3, R12 

3. R 0 

4. Cl, Cl 4 


5. C2, Cl 3 

6. C3, Cl 2 

7. C5, CIO 

8. C7 

9. C c 

10. C 0 

11. c s 


Comments 

Sets voltage gain, Ay = 1 + R5/R2 for one channel and Ay = 1 + R10/R13 
for the other channel. 

Bootstrap resistor sets drive current for output stage and allows pins 3 and 12 to 
go above Vs- 

Works with C 0 to stabilize output stage. 

Input coupling capacitor. Pins 1 and 1 4 are at a DC potential of Vs/2. Low 
frequency pole set by: 


L 2t r R| N Cl 

Feedback capacitors. Ensure unity gain at DC. Also a low frequency pole at: 


L 2ttR2C2 

Bootstrap capacitors, used to increase drive to output stage. A low frequency 
pole is set by: 

fL “ 2 ttR3C3 

Compensation capacitor. These stabilize the amplifiers and adjust their 
bandwidth. See curve of bandwidth vs allowable gain. 

Improves power supply rejection (See Typical Performance Curves). Increasing 
C7 increases turn-on delay. 

Output coupling capacitor. Isolates pins 5 and 1 0 from the load. Low frequency 
pole set by: 


L 2t t C c R l 

Works with R 0 to stabilize output stage. 
Provides power supply filtering. 
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Application Hints 


AM Radios 


The LM1896/LM2896 has been designed fo fill a wide 
range of audio power applications. A common problem with 
1C audio power amplifiers has been poor signal-to-noise per- 
formance when used in AM radio applications. In a typical 
radio application, the loopstick antenna is in close proximity 
to the audio amplifer. Current flowing in the speaker and 
power supply leads can cause electromagnetic coupling to 
the loopstick, resulting in system oscillation. In addition, 
most audio power amplifiers are not optimized for lowest 
noise because of compensation requirements. If noise from 
the audio amplifier radiates into the AM section, the sensitiv- 
ity and signal-to-noise ratio will be degraded. 


The LM1896 exhibits extremely low wideband noise due in 
part to an external capacitor C5 which is used to tailor the 
bandwidth. The circuit shown in Figure 2 is capable of a 
signal-to-noise ratio in excess of 60 dB referred to 50 mW. 
Capacitor C5 not only limits the closed loop bandwidth, it 
also provides overall loop compensation. Neglecting C2 in 
Figure 2 , the gain is: 


A V (S) = 


S + Ay o) 0 
S + G> 0 


where Ay = 


R2 + R5 
R2 ’ 


“° R5C5 


A curve of — 3 dB BW (o> 0 ) vs Ay is shown in the Typical 
Performance Curves. 


Figure 3 shows a plot of recovered audio as a function of 
field strength in jutV/M. The receiver section in this example 
is an LM3820. The power amplifier is located about two 
inches from the loopstick antenna. Speaker leads run paral- 
lel to the loopstick and are 1 /8 inch from it. Referenced to a 
20 dB S/N ratio, the improvement in noise performance 
over conventional designs is about 1 0 dB. This corresponds 
to an increase in usable sensitivity of about 8.5 dB. 


Bridge Amplifiers 

The LM1896/LM2896 can be used in the bridge mode as a 
monaural power amplifier. In addition to much higher power 
output, the bridge configuration does not require output cou- 
pling capacitors. The load is connected directly between the 
amplifier outputs as shown in Figure 4. 


Amp 1 has a voltage gain set by 1 + R5/R2. The output of 
amp 1 drives amp 2 which is configured as an inverting 
amplifier with unity gain. Because of this phase inversion in 
amp 2, there is a 6 dB increase in voltage gain referenced to 
Vj. The voltage gain in bridge is: 

Y° = 2 (i +— ) 

Vi V R2 ) 

Cb is used to prevent DC voltage on the output of amp 1 
from causing offset in amp 2. Low frequency response is 
influenced by: 

L 27 r RbCb 

Several precautions should be observed when using the 
LM1896/LM2896 in bridge configuration. Because the am- 
plifiers are driving the load out of phase, an 8ft speaker will 
appear as a 4ft load, and a 4ft speaker will appear as a 2ft 
load. Power dissipation is twice as severe in this situation. 
For example, if Vs = 6 V and R|_ = 8ft bridged, then the 
maximum dissipation is: 

V| 62 

PD = i ^ x2 = i ^ x2 

P D = 0.9 Watts 

This amount of dissipation is equivalent to driving two 4ft 
loads in the stereo configuration. 

When adjusting the frequency response in the bridge config- 
uration, R5C5 and R10C10 form a 2 pole cascade and the 
-3 dB bandwidth is actually shifted to a lower frequency: 

BW = r^ 

27tRC 

where R = feedback resistor 


C = feedback capacitor 

To measure the output voltage, a floating or differential me- 
ter should be used because a prolonged output short will 
over dissipate the package. Figure 1 shows the complete 
bridge amplifier. 



FIELD STRENGTH (mV/M) 


TL/H/7920-9 

FIGURE 3. Improved AM Sensitivity over Conventional Design 
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Application Hints (Continued) 





TL/H/7920-10 


Figure 4. Bridge Amplifier Connection 


Printed Circuit Layout 

Printed Circuit Board Layout 

Figure 5 and Figure 6 show printed circuit board layouts for 
the LM1896 and LM2896. The circuits are wired as stereo 
amplifiers. The signal source ground should return to the 
input ground shown on the boards. Returning the loads to 
power supply ground through a separate wire will keep the 
THD at its lowest value. The inputs should be terminated in 


less than 50 kft to prevent an input-output oscillation. This 
oscillation is dependent on the gain and the proximity of the 
bridge elements Rb and Cb to the (+) input. If the bridge 
mode is not used, do not insert Rb, Cb into the PCB. 

To wire the amplifer into the bridge configuration, short the 
capacitor on pin 7 (pin 1 of the LM1896) to ground. Connect 
together the nodes labeled BRIDGE and drive the capacitor 
connected to pin 5 (pin 14 of the LM1896). 
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Printed Circuit Layout (Continued) 



COMPONENT SIDE 

TL/H/7920-12 

FIGURE 6. Printed Circuit Board Layout for the LM2896 




LM4700 



National Semiconductor 


PRELIMINARY 


LM4700 Overture Audio Power Amplifier Series 

30W Audio Power Amplifier with 
Mute and Standby Modes 


General Description 

The LM4700 is an audio power amplifier capable of deliver- 
ing typically 30W of continuous average output power into 
an 8H load with less than 0.8% (THD + N) from 20 Hz to 
20 kHz. 

The LM4700 has an independent smooth transition fade-in/ 
out mute and a power conserving standby mode which can 
be controlled by external logic. 

The performance of the LM4700, utilizing its Self Peak In- 
stantaneous Temperature (°Ke) (SPiKeTM) Protection Cir- 
cuitry, places it in a class above discrete and hybrid amplifi- 
ers by providing an inherently, dynamically protected Safe 
Operating Area (SOA). SPiKe Protection means that these 
parts are completely safeguarded at the output against 
overvoltage, undervoltage, overloads, including thermal run- 
away and instantaneous temperature peaks. 


Key Specifications 

■ Typical THD + N from 20 Hz to 20 kHz 
at 30W of continuous average output 
power into 80 

■ THD+N at 1 kHz at continuous 
average output power of 25W into 80 

■ THD+N at 1 kHz at a continuous 
average output power of 30W into 80 


0.08% (typ) 
0.1% (max) 
0.009% (typ) 


Features 

■ SPiKe Protection 

■ Minimal amount of external components necessary 

■ Quiet fade-in/out mute function 
rt Power conserving standby-mode 

■ 11 -lead TO-220 isolated package 

Applications 

■ Component stereo 

■ Compact stereo 


Typical Application 


Connection Diagram 



TL/H/1 2369-1 

FIGURE 1. Typical Audio Amplifier Application Circuit 


Plastic Package 



TL/H/1 2369-2 

Top View 

Order Number LM4700TF 
See NS Package Number TF1 IB 
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National Semiconductor 


LM2876 OVCT'tUT'C Audio Power Amplifier Series 

High-Performance 40W Audio Power Amplifier w/Mute 


General Description 

The LM2876 is a high-performance audio power amplifier 
capable of delivering 40W of continuous average power to 
an 8H load with 0.1% (THD + N) from 20 Hz-20 kHz. 

The performance of the LM2876, utilizing its Self Peak In- 
stantaneous Temperature (°Ke) (SPiKe™) Protection Cir- 
cuitry, puts it in a class above discrete and hybrid amplifiers 
by providing an inherently, dynamically protected Safe Op- 
erating Area (SOA). SPiKe Protection means that these 
parts are completely safeguarded at the output against 
overvoltage, undervoltage, overloads, including shorts to 
the supplies, thermal runaway, and instantaneous tempera- 
ture peaks. 

The LM2876 maintains an excellent Signal-to-Noise Ratio of 
greater than 95 dB(min) with a typical low noise floor of 
2.0 jutV. It exhibits extremely low (THD + N) values of 
0.06% at the rated output into the rated load over the audio 
spectrum r and provides excellent linearity with an IMD 
(SMPTE) typical rating of 0.004%. 


Features 

■ 40W continuous average output power into 8 Cl 

■ 75 W instantaneous peak output power capability 

■ Signal-to-Noise Ratio ^ 95 dB(min) 

■ An input mute function 

■ Output protection from a short to ground or to the 
supplies via internal current limiting circuitry 

■ Output over-voltage protection against transients from 
inductive loads 

■ Supply under-voltage protection, not allowing internal 
biasing to occur when |VeeI + l v ccl ^ 12V, thus 
nating turn-on and turn-off transients 

■ 1 1 -lead TO-220 package 

Applications 

■ Component stereo 

■ Compact stereo 

■ Self-powered speakers 

■ Surround-sound amplifiers 

■ High-end stereo TVs 


Typical Application 


Connection Diagram 


V+ 



Plastic Package (Note 8) 



Order Number LM2876T 
or LM2876TF 

See NS Package Number TA1 IB for 
Staggered Lead Non-lso!ated 
Package or TF1 IB* for 
Staggered Lead Isolated Package 

tConnect Pin 5 to V+ for Compatibility with LM3886. 
* Preliminary: Call your local National sales rep. or 
distributor for availability. 


TL/H/1 1775-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 

•Optional components dependent upon specific design requirements. Refer to the External Compo- 
nents Description section for a component functional description. 
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LM2876 


Absolute Maximum Ratings (Notes 1,2) 




If Military/ Aerospace specified devices are required, Storage Temperature 


— 40°C to + 1 50°C 

please contact the National Semiconductor Sales Thermal Resistance 

Office/Distributors for availability and specifications. # JC 



1°C/W 

Supply Voltage |V + 1 + |V~ | (No Signal) 

72V 0 JA 



43°C/W 

Supply Voltage |V+| + |V-| (Input Signal) 

70V _ 




Common Mode Input Voltage (V+orV~)and Operating Ratings (Notes 1 and 2) 



|v+| + |v 

-| ^ 60V Temperature Range 




Differential Input Voltage 

60V Tmin^Ta^Tmax 

— 20°C ^ T a ^ T85°C 

Output Current Internally Limited Supply Voltage |V+| + |V | 


20V to 60V 

Power Dissipation (Note 3) 

1 pc\A/ Note: Operation is guaranteed up to 60V, however, distortion may be intro- 

duced from SPiKe Protection Circuitry if proper thermal considera- 

ESD Susceptibility (Note 4) 

3000V tions are not taken into account. Refer to the Thermal Considera- 

Junction Temperature (Note 5) 

Soldering Information 

5QOQ tions section for more information. 

(See SPiKe Protection Response) 



T Package (10 seconds) 

260° C 




Electrical Characteristics (Notes 1,2) The following specifications apply for V+ = 

= +30V,V" = -30V,I M ute 

= —0.5 mA with R\_ = 8ft unless otherwise specified. Limits apply for Ta = 25°C. 







LM2876 

Units 

(Limits) 

Symbol 

Parameter 

Conditions 

Typical 

Limit 




(Note 6) 

(Note 7) 

|v+| + |v-| 

Power Supply Voltage (Note 1 0) 

V pin 7 - V- ^ 9V 

18 

20 

V (min) 





60 

V (max) 

Am 

Mute Attenuation 

Pin 8 Open or at 0V, Miite: On 

Current out of Pin 8 > 0.5 mA, 

115 

80 

dB (min) 



Mute: Off 




•*P 0 

Output Power (Continuous Average) 

THD + N = 0.1 % (max) 
f = 1 kHz; f = 20 kHz 



W (min) 

Peak Pq 

Instantaneous Peak Output Power 


75 


W 

THD + N 

Total Harmonic Distortion Plus Noise 

25W, 20 Hz ^ f ^ 20 kHz 

A v = 26 dB 

0.06 


% 

**SR 

Slew Rate (Note 9) 

V| N = 1.2 Vrms,f = 10 kHz, 

Square-Wave, Ri_ = 2 kft 

9 

5 

V/|ns (min) 

*1 + 

Total Quiescent Power Supply Current 

V C M = 0V, V 0 = 0V, l 0 = 0A 

24 

50 

mA (max) 

*v 0 s 

Input Offset Voltage 

Vcm = 0V, l 0 = 0 mA 

1 

10 

mV (max) 

Ib 

Input Bias Current 

Vcm = 0V, l 0 — 0 mA 

0.2 

1 


>os 

Ihput Offset Current 

Vcm = 0V, l Q = 0 mA 

0.01 

0.2 

juA (max) 

^0 

Output Current Limit 

|V+| = |V~| = 10V, t 0 N = 10 ms, V 0 = 0V 

4 

3 

A (min) 

o< 

Cl 

Output Dropout Voltage (Note 1 1 ) 

|v+-v 0 |,v+ = 20V, l 0 = + 100 mA 

1.5 

4 

V (max) 



|V 0 -V-|,V- = -20V, l 0 = -100 mA 

2.5 

4 

V (max) 

*PSRR 

Power Supply Rejection Ratio 

V+ = 30V to 10V, V- = -30V, 

Vcm = 0V, l 0 = 0 mA 

125 

85 

dB (min) 



V+ = 30V, V- = -30V to -10V, 

Vcm = 0V, l 0 = 0 mA 

110 

85 

dB (min) 

*DC Electrical Test; refer to Test Circuit #1. 





**AC Electrical Test; refer to Test Circuit #2. 
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Electrical Characteristics (Notes 1,2) 


The following specifications apply for V+ = + 30V, V~ = -30V, Imute - —0.5 mA with R|_ = 8fl unless otherwise specified. 
Limits apply for T a = 25° C. (Continued) 


Symbol 

Parameter 

Conditions 

LM2876 

Units 

(Limits) 

Typical 
(Note 6) 

Limit 
(Note 7) 

*CMRR 

Common Mode Rejection Ratio 

V+ = 50V to 10V, V - = -10V to -50V, 

V C m = 20V to -20V, l 0 = 0 mA 

110 

75 

dB (min) 

*A V ol 

Open Loop Voltage Gain 

|V+| = |V-| — 30V, R L = 2 kn, AV 0 = 40V 

115 

80 

dB (min) 

GBWP 

Gain-Bandwidth Product 

|V + | = |V-| = 30V 

fo = 100 kHz, V|n = 50 mVrms 

8 

2 

MHz (min) 

**elN 

Input Noise 

IHF — A Weighting Filter 

Rin = 600H (Input Referred) 

2.0 


juV (max) 

SNR 

Signal-to-Noise Ratio 

Pq = 1W, A-Weighted, 

Measured at 1 kHz, Rs = 25n 

98 


dB 



P 0 = 25W, A-Weighted, 

Measured at 1 kHz, Rs = 25 n 

112 


dB 



Ppk= 75W, A-Weighted, 

Measured at 1 kHz, Rs = 25H 

117 


dB 

IMD 

Intermodulation Distortion Test 

60 Hz, 7 kHz, 4:1 (SMPTE) 

60 Hz, 7 kHz, 1:1 (SMPTE) 

0.004 

0.006 


% 


*DC Electrical Test; refer to Test Circuit #1. 

**AC Electrical Test; refer to Test Circuit #2. 

Note 1: All voltages are measured with respect to the GND pin (pin 7), unless otherwise specified. 

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 

Note 3: For operating at case temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance of 
0 jc =1.0 °C/W (junction to case). Refer to the Thermal Resistance figure in the Application Information section under Thermal Considerations. 

Note 4: Human body model, 100 pF discharged through a 1.5 kfi resistor. 

Note 5: The operating junction temperature maximum is 150°C, however, the instantaneous Safe Operating Area temperature is 250°C. 

Note 6: Typicals are measured at 25°C and represent the parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The LM2876T package TA11B is a non-isolated package, setting the tab of the device and the heat sink at V - potential when the LM2876 is directly 
mounted to the heat sink using only thermal compound. If a mica washer is used in addition to thermal compound, $cs (case to sink) is increased, but the heat sink 
will be isolated from V - . 

Note 9: The feedback compensation network limits the bandwidth of the closed-loop response and so the slew rate will be reduced due to the high frequency roll- 
off. Without feedback compensation, the slew rate is typically larger. 

Note 10: V~ must have at least — 9V at its pin with reference to ground in order for the under-voltage protection circuitry to be disabled. 

Note 11: The output dropout voltage is the supply voltage minus the clipping voltage. Refer to the Clipping Voltage vs Supply Voltage graph in the Typical 
Performance Characteristics section. 
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Single Supply Application Circuit 

v+ 



“ TL/H/1 1775-5 

FIGURE 2. Typical Single Supply Audio Amplifier Application Circuit 

"Optional components dependent upon specific design requirements. Refer to the External 
Components Description section for a component functional description. 


Equivalent Schematic (excluding active protection circuitry) 


v+ 



TL/H/1 1775-6 
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External Components Description (Figures 1 and 2) 



1 . Rin Acts as a volume control by setting the voltage level allowed to the amplifier’s input terminals. 

2. Ra Provides DC voltage biasing for the single supply operation and bias current for the positive input 


terminal. 

3. Ca Provides bias filtering. 

4. C Provides AC coupling at the input and output of the amplifier for single supply operation. 

5. Rg Prevents currents from entering the amplifier’s non-inverting input which may be passed through to 

the load upon power-down of the system due to the low input impedance of the circuitry when the 
under-voltage circuitry is off. This phenomenon occurs when the supply voltages are below 1 .5V. 

6. *Cc Reduces the gain (bandwidth of the amplifier) at high frequencies to avoid quasi-saturation 

oscillations of the output transistor. The capacitor also suppresses external electromagnetic 
switching noise created from fluorescent lamps. 

7. Ri Inverting input resistance to provide AC Gain in conjunction with Rfi . 

8. *Ci Feedback capacitor. Ensures unity gain at DC. Also a low frequency pole (highpass roll-off) at: 

f c = 1/(27rRiCi) 

9. Rf-j Feedback resistance to provide AC Gain in conjunction with Ri. 

1 0. *Rf 2 At higher frequencies feedback resistance works with Cf to provide lower AC Gain in conjunction 

with Rfi and Ri. A high frequency pole (lowpass roll-off) exists at: 
fc = [Rfi Rf 2 (s + 1/R f2 Cf)]/[(Rfi + R f2 )(s + 1/C f (R f1 + R f2 ))] 

11. *Cf Compensation capacitor that works with Rfi and Rf 2 to reduce the AC Gain at higher frequencies. 

1 2. Rm Mute resistance set up to allow 0.5 mA to be drawn from pin 8 to turn the muting function off. 

— > Rm is calculated using: Rm ^ (|VeeI ~ 2.6V)/I8 where 18 ^ 0,5 mA. Refer to the Mute 
Attenuation vs Mute Current curves in the Typical Performance Characteristics section. 

1 3. Cm Mute capacitance set up to create a large time constant for turn-on and turn-off muting. 

1 4. * r sn Works with Csn to stabilize the output stage by creating a pole that eliminates high frequency 

oscillations. -4' 1 

1 5. *Csn Works with Rsn to stabilize the output stage by creating a pole that eliminates high frequency 

oscillations. 

f c = 1/(2 ttRsnCsn) 

16. *L Provides high impedance at high frequecies so that R may decouple a highly capacitive load 

17. *R and reduce the Q of the series resonant circuit due to capacitive load. Also provides a low 

impedance at low frequencies to short out R and pass audio signals to the load. 

18. Cg Provides power supply filtering and bypassing. 

1 9. SI Mute switch that mutes the music going into the amplifier when opened. 


"Optional components dependent upon specific design requirements. Refer to the Application Information section for more information. 

OPTIONAL EXTERNAL COMPONENT INTERACTION 

Although the optional external components have specific desired functions that are designed to reduce the bandwidth and 
eliminate unwanted high frequency oscillations they may cause certain undesirable effects when they interact. Interaction may 
occur for components whose reactances are in close proximity to one another. One example would be the coupling capacitor, 
Cq, and the compensation capacitor, Cf . These two components act as low impedances to certain frequencies which will couple 
signals from the input to the output. Please take careful note of basic amplifier component functionality when designing in these 
components. 

The optional external components shown in Figure 2 and described above are applicable in both single and split voltage supply 
configurations. 
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OUTPUT (V) POWER DISSIPATION (W) THERMAL RESISTANCE (°C/W) COLLECTOR CURRENT (A) 


Typical Performance Characteristics 



20 40 60 80 

COLLECTOR-EMITTER VOLTAGE (V) 


SPiKe™ 

Protection Response 



Supply Current vs 
Supply Voltage 



10 20 30 40 50 

SUPPLY VOLTAGE (±V) 


Pulse Thermal 
Resistance 



COLLECTOR-EMITTER VOLTAGE (V) 


Pulse Thermal 
Resistance 


TO-220 
T c = 25°C 
T, = 250°C 


Supply Current vs 
Output Voltage 



PULSE WIDTH (ms) 


-50" 4D -30" 20 -10 0 10 20 30 40 50 
OUTPUT VOLTAGE (V) 


Pulse Power Limit 



20 40 60 80 

COLLECTOR-EMITTER VOLTAGE (V) 


Pulse Power Limit 


Supply Current vs 
Case Temperature 



PULSE WIDTH (ms) 


0 50 100 150 

CASE TEMPERATURE (°C) 


Pulse Response 


1 /AT 20.00 kHz I s = 

i il l I \ VM. 


10V IV 5/*s 
J 1 L—j. 1 i L 

TIME (/xs) 


Input Bias Current vs 
Case Temperature 



-50 0 50 100 150 

TEMPERATURE (°C) 


Clipping Voltage vs 
Supply Voltage 
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Typical Performance Characteristics (Continued) 



THD + N vs 
Output Power 
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FREQUENCY (Hz) 


10m 0.1 1 10 100 
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Typical Performance Characteristics (Continued) 
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Application Information 

GENERAL FEATURES 

Mute Function? The muting function of the LM2876 allows 
the user to mute the music going into the amplifier by draw- 
ing less, than 0.5 mA out of pin 8 of the device. This is 
accomplished as shown in the Typical Application Circuit 
where the resistor Rm is chosen with reference to your neg- 
ative supply voltage and is used in conjuction with a switch. 
The switch (when opened) cuts off the current flow from 
pin 8 to V~, thus placing the LM2876 into mute mode. Refer 
to the Mute Attenuation vs Mute Current curves in the Typi- 
cal Performance Characteristics section for values of at- 
tenuation per current out of pin 8. The resistance R^ is 
calculated by the following equation: 

Rm (I v EeI “ 2.6V)/I8 

where 18 ^ 0.5 mA. 

Under-Voltage Protection: Upon system power-up the un- 
der-voltage protection circuitry allows the power supplies 
and their corresponding caps to come up close to their full 
values before turning on the LM2876 such that no DC out- 
put spikes occur. Upon turn-off, the output of the LM2876 is 
brought to ground before the power supplies such that no 
transients occur at power-down. 

Over-Voltage Protection: The LM2876 contains overvolt- 
age protection circuitry that limits the output current to ap- 
proximately 4Apeak while also providing voltage clamping, 
though not through internal clamping diodes. The clamping 
effect is quite the same, however, the output transistors are 
designed to work alternately by sinking large current spikes. 
SPiKe Protection: The LM2876 is protected from instanta- 
neous peak-temperature stressing by the power transistor 
array. The Safe Operating Area graph in the Typical Per- 
formance Characteristics section shows the area of de- 
vice operation where the SPiKe Protection Circuitry is not 
enabled. The waveform to the right of the SOA graph exem- 
plifies how the dynamic protection will cause waveform dis- 
tortion when enabled. 

Thermal Protection: The LM2876 has a sophisticated ther- 
mal protection scheme to prevent long-term thermal stress 
to the device. When the temperature on the die reaches 
1 65°C, the LM2876 shuts down. It starts operating again 
when the die temperature drops to about 1 55°C, but if the 
temperature again begins to rise, shutdown will occur again 
at 1 65°C. Therefore the device is allowed to heat up to a 
relatively high temperature if the fault condition is tempo- 
rary, but a sustained fault will cause the device to cycle in a 
Schmitt Trigger fashion between the thermal shutdown tem- 
perature limits of 165°C and 155°C. This greatly reduces the 
stress imposed on the 1C by thermal cycling, which in turn 
improves its reliability under sustained fault conditions. 
Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen as discussed in 
the Thermal Considerations section, such that thermal 
shutdown will not be reached during normal operation. Us- 


ing the best heat sink possible within the cost and space 
constraints of the system will improve the long-term reliabili- 
ty of any power semiconductor device. 

THERMAL CONSIDERATIONS 
Heat Sinking 

The choice of a heat sink for a high-power audio amplifier is 
made entirely to keep the die temperature at a level such 
that the thermal protection circuitry does not operate under 
normal circumstances. The heat sink should be chosen to 
dissipate the maximum 1C power for a given supply voltage 
and rated load. 

With high-power pulses of longer duration than 100 ms, the 
case temperature will heat up drastically without the use of 
a heat sink. Therefore the case temperature, as measured 
at the center of the package bottom, is entirely dependent 
on heat sink design and the mounting of the 1C to the heat 
sink. For the design of a heat sink for your audio amplifier 
application refer to the Determining The Correct Heat 
Sink section. 

Since a semiconductor manufacturer has no control over 
which heat sink is used in a particular amplifier design, we 
can only inform the system designer of the parameters and 
the method needed in the determination of a heat sink. With 
this in mind, the system designer must choose his supply 
voltages, a rated load, a desired output power level, and 
know the ambient temperature surrounding the device. 
These parameters are in addition to knowing the maximum 
junction temperature and the thermal resistance of the 1C, 
both of which are provided by National Semiconductor. 

As a benefit to the system designer we have provided Maxi- 
mum Power Dissipation vs Supply Voltages curves for vari- 
ous loads in the Typical Performance Characteristics 
section, giving an accurate figure for the maximum thermal 
resistance required for a particular amplifier design. This 
data was based on 0jc = 1°C/W and 0cs = 0.2°C/W. We 
also provide a section regarding heat sink determination for 
any audio amplifier design where 0cs may be a different 
value. It should be noted that the idea behind dissipating the 
maximum power within the 1C is to provide the device with a 
low resistance to convection heat transfer such as a heat 
sink. Therefore, it is necessary for the system designer to be 
conservative in his heat sink calculations. As a rule, the low- 
er the thermal resistance of the heat sink the higher the 
amount of power that may be dissipated. This is of course 
guided by the cost and size requirements of the system. 
Convection cooling heat sinks are available commercially, 
and their manufacturers should be consulted for ratings. 
Proper mounting of the 1C is required to minimize the ther- 
mal drop between the package and the heat sink. The heat 
sink must also have enough metal under the package to 
conduct heat from the center of the package bottom to the 
fins without excessive temperature drop. 
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Application Information (Continued) 

A thermal grease such as Wakefield type 1 20 or Thermal loy 
Thermacote should be used when mounting the package to 
the heat sink. Without this compound, thermal resistance 
will be no better than 0.5°C/W, and probably much worse. 
With the compound, thermal resistance will be 0.2°C/W or 
less, assuming under 0.005 inch combined flatness runout 
for the package and heat sink. Proper torquing of the 
mounting bolts is important and can be determined from 
heat sink manufacturer’s specification sheets. 

Should it be necessary to isolate V~ from the heat sink, an 
insulating washer is required. Hard washers like beryluum 
oxide, anodized aluminum and mica require the use of ther- 
mal compound on both faces. Two-mil mica washers are 
most common, giving about 0.4°C/W interface resistance 
with the compound. 

Silicone-rubber washers are also available. A 0.5°C/W ther- 
mal resistance is claimed without thermal compound. Expe- 
rience has shown that these rubber washers deteriorate and 
must be replaced should the 1C be dismounted. 
Determining Maximum Power Dissipation 
Power dissipation within the integrated circuit package is a 
very important parameter requiring a thorough understand- 
ing if optimum power output is to be obtained. An incorrect 
maximum power dissipation (Pd) calculation may result in 
inadequate heat sinking, causing thermal shutdown circuitry 
to operate and limit the output power. 

The following equations can be used to acccurately calcu- 
late the maximum and average integrated circuit power dis- 
sipation for your amplifier design, given the supply voltage, 
rated load, and output power. These equations can be di- 
rectly applied to the Power Dissipation vs Output Power 
curves in the Typical Performance Characteristics sec- 
tion. 

Equation (1 ) exemplifies the maximum power dissipation of 
the 1C and equations (2) and (3) exemplify the average 1C 
power dissipation expressed in different forms. 

Pdmax = V C c 2 /27t2R l (1) 

where V<x is the total supply voltage 

PdAVE = (V 0 pk/R|J[Vcc/^ - V 0pk /2] (2) 

where Vcc is the total supply voltage and Vo P k = Vcc/v 
PdAVE = V CC Vopk/^ R L - V 0 pk 2 /2RL (3) 

where Vcc is the total supply voltage. 

Determining the Correct Heat Sink 
Once the maximum 1C power dissipation is known for a giv- 
en supply voltage, rated load, and the desired rated output 
power the maximum thermal resistance (in °C/W) of a heat 


sink can be calculated. This calculation is made using equa- 
tion (4) and is based on the fact that thermal heat flow pa- 
rameters are analogous to electrical current flow properties. 
It is also known that typically the thermal resistance, 0jc 
(junction to case), of the LM2876 is 1°C/W and that using 
Thermal loy Thermacote thermal compound provides a ther- 
mal resistance, 0cs (case to heat sink), of about 0.2°C/W 
as explained in the Heat Sinking section. 

Referring to the figure below, it is seen that the thermal 
resistance from the die (junction) to the outside air (ambient) 
is a combination of three thermal resistances, two of which 
are known, 0 jc and 0cs- Since convection heat flow (power 
dissipation) is analogous to current flow, thermal resistance 
is analogous to electrical resistance, and temperature drops 
are analogous to voltage drops, the power dissipation out of 
the LM2876 is equal to the following: 

Pdmax = (Tjmax - TAmbK^JA 
where 0 JA = 0 JC + 0 cs + #SA 

Tjmax ^Amb 

0 JC 0 CS ®SA 
P DMAX 

• VSAr • 

0 JA 

TL/H/1 1775-12 

But since we know Pdmax. 0jc. and 0sc for the application 
and we are looking for 0sa> we have the following: 

e SA = [(Tjmax ~ T Am b) “ PDMAX (#JC + ^CS)]/ PDMAX (4) 
Again it must be noted that the value of 0sa is dependent 
upon the system designer’s amplifier application and its cor- 
responding parameters as described previously. If the ambi- 
ent temperature that the audio amplifier is to be working 
under is higher than the normal 25°C, then the thermal re- 
sistance for the heat sink, given all other things are equal, 
will need to be smaller. 

Equations (1) and (4) are the only equations needed in the 
determination of the maximum heat sink thermal resistance. 
This is of course given that the system designer knows the 
required supply voltages to drive his rated load at a particu- 
lar power output level and the parameters provided by the 
semiconductor manufacturer. These parameters are the 
junction to case thermal resistance, 0jq, Tj max = 150°C, 
and the recommended Thermalloy Thermacote thermal 
compound resistance, 0cs- 
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Application Information (Continued) 

SIGNAL-TO-NOISE RATIO 

In the measurement of the signal-to-noise ratio, misinterpre- 
tations of the numbers actually measured are common. One 
amplifier may sound much quieter than another, but due to 
improper testing techniques, they appear equal in measure- 
ments. This is often the case when comparing integrated 
circuit designs to discrete amplifier designs. Discrete tran- 
sistor amps often “run out of gain” at high frequencies and 
therefore have small bandwidths to noise as indicated be- 
low. 



FREQUENCY (Hz) 

TL/H/1 1775-13 

Integrated circuits have additional open loop gain allowing 
additional feedback loop gain in order to lower harmonic 
distortion and improve frequency response. It is this addi- 
tional bandwidth that can lead to erroneous signal-to-noise 
measurements if not considered during the measurement 
process. In the typical example above, the difference in 
bandwidth appears small on a log scale but the factor of TO 
in bandwidth, (200 kHz to 2 MHz) can result in a 10 dB 
theoretical difference in the signal-to-noise ratio (white 
hoise is proportional to the square root of the bandwidth in a 
system). 

In comparing audio amplifiers it is necessary to measure the 
magnitude of noise in the audible bandwidth by using a 
“weighting” filter. 1 A “weighting” filter alters the frequency 
response in order to compensate for the average human 
ear’s sensitivity to the frequency spectra. The weighting fil- 
ters at the same time provide the bandwidth limiting as dis- 
cussed in the previous paragraph. 

In addition to noise filtering, differing meter types give differ- 
ent noise readings. Meter responses include: 

1. RMS reading, 

2. average responding, 

3. peak reading, and 

4. quasi peak reading. 

Although theoretical noise analysis is derived using true 
RMS based calculations, most actual measurements are 
taken with ARM (Average Responding Meter) test equip- 
ment. 

Reference 1: CCIR/ARM: A Practical Noise Measurement 
Method; by Ray Dolby, David Robinson and Kenneth Gun- 
dry, AES Preprint No. 1353 (F-3). 


Typical signal-to-noise figures are listed for an A-weighted 
filter which is commonly used in the measurement of noise. 
The shape of all weighting filters is similar, with the peak of 
the curve usually occurring in the 3 kHz-7 kHz region as 
shown below. 
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SUPPLY BYPASSING 

The LM2876 has excellent power supply rejection and does 
not require a regulated supply. However, to eliminate possi- 
ble oscillations all op amps and power op amps should have 
their supply leads bypassed with low-inductance capacitors 
having short leads and located close to the package termi- 
nals. Inadequate power supply bypassing will manifest itself 
by a low frequency oscillation known as “motorboating” or 
by high frequency instabilities. These instabilities can be 
eliminated through multiple bypassing utilizing a large tanta- 
lum or electrolytic capacitor (10 fif or larger) which is used 
to absorb, low frequency variations and a small ceramic ca- 
pacitor (0.1 ju,F) to prevent any high frequency feedback 
through the power supply lines. 

If adequate bypassing is not provided the current in the sup- 
ply leads which is a rectified component of the load current 
may be fed back into internal circuitry. This signal causes 
low distortion at high frequencies requiring that the supplies 
be bypassed at the package terminals with an electrolytic 
capacitor of 470 ju,F or more. 

LEAD INDUCTANCE 

Power op amps are sensitive to inductance in the output 
lead, particularly with heavy capacitive loading. Feedback to 
the input should be taken directly from the output terminal, 
minimizing common inductance with the load. 

Lead inductance can also cause voltage surges on the sup- 
plies. With long leads to the power supply, energy is stored 
in the lead inductance when the output is shorted. This en^ 
ergy can be dumped back into the supply bypass capacitors 
when the short is removed. The magnitude of this transient 
is reduced by increasing the size of the bypass capacitor 
near the 1C. With at least a 20 ju.F local bypass, these volt- 
age surges are important only if the lead length exceeds a 
couple feet (> 1 juH lead inductance). Twisting together the 
supply and ground leads minimizes the effect. 
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LAYOUT, GROUND LOOPS AND STABILITY 

The LM2876 is designed to be stable when operated at a 
closed-loop gain of 10 or greater, but as with any other high- 
current amplifier, the LM2876 can be made to oscillate un- 
der certain conditions. These usually involve printed circuit 
board layout or output/input coupling. 

When designing a layout, it is important to return the load 
ground, the output compensation ground, and the low level 
(feedback and input) grounds to the circuit board common 
ground point through separate paths. Otherwise, large cur- 
rents flowing along a ground conductor will generate volt- 
ages on the conductor which can effectively act as signals 
at the input, resulting in high frequency oscillation or exces- 
sive distortion. It is advisable to keep the output compensa- 
tion components and the 0.1 fiF supply decoupling capaci- 
tors as close as possible to the LM2876 to reduce the ef- 
fects of PCB trace resistance and inductance. For the same 
reason, the ground return paths should be as short as possi- 
ble. 

In general, with fast, high-current circuitry, all sorts of prob- 
lems can arise from improper grounding which again can be 
avoided by returning all grounds separately to a common 
point. Without isolating the ground signals and returning the 
grounds to a common point, ground loops may occur. 
“Ground Loop” is the term used to describe situations oc- 
curring in ground systems where a difference in potential 
exists between two ground points. Ideally a ground is a 
ground, but unfortunately, in order for this to be true, ground 
conductors with zero resistance are necessary. Since real 
world ground leads possess finite resistance, currents run- 
ning through them will cause finite voltage drops to exist. If 
two ground return lines tie into the same path at different 
points there will be a voltage drop between them. The first 
figure below shows a common ground example where the 
positive input ground and the load ground are returned to 
the supply ground point via the same wire. The addition of 
the finite wire resistance, R 2 , results in a voltage difference 
between the two points as shown below. 



The load current l|_ will be much larger than input bias cur- 
rent l|, thus V-| will follow the output voltage directly, i.e. in 
phase. Therefore the voltage appearing at the non-inverting 
input is effectively positive feedback and the circuit may os- 
cillate. If there were only one device to worry about then the 
values of Ri and R 2 would probably be small enough to be 
ignored; however, several devices normally comprise a total 
system. Any ground return of a separate device, whose out- 
put is in phase, can feedback in a similar manner and cause 
instabilities. Out of phase ground loops also are trouble- 
some, causing unexpected gain and phase errors. 

The solution to most ground loop problems is to always use 
a single-point ground system, although this is sometimes 
impractical. The third figure below is an example of a single- 
point ground system. 

The single-point ground concept should be applied rigorous- 
ly to all components and all circuits when possible. Viola- 
tions of single-point grounding are most common among 
printed circuit board designs, since the circuit is surrounded 
by large ground areas which invite the temptation to run a 
device to the closest ground spot. As a final rule, make all 
ground returns low resistance and low inductance by using 
large wire and wide traces. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 
leads are long. The problem can be eliminated by placing a 
small capacitor, C& (on the order of 50 pF to 500 pF) 
across the LM2876 input terminals. Refer to the External 
Components Description section relating to component 
interaction with Cf. 

REACTIVE LOADING 

It is hard for most power amplifiers to drive highly capacitive 
loads very effectively and normally results in oscillations or 
ringing on the square wave response. If the output of the 
LM2876 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.2 ju,F. If highly ca- 
pacitive loads are expected due to long speaker cables, a 
method commonly employed to protect amplifiers from low 
impedances at high frequencies is to couple to the load 
through a 10ft resistor in parallel with a 0.7 jaH inductor. 
The inductor-resistor combination as shown in the Typical 
Application Circuit isolates the feedback amplifier from the 
load by providing high output impedance at high frequencies 
thus allowing the 10ft resistor to decouple the capacitive 
load and reduce the Q of the series resonant circuit. The LR 
combination also provides low output impedance at low fre- 
quencies thus shorting out the 10ft resistor and allowing the 
amplifier to drive the series RC load (large capacitive load 
due to long speaker cables) directly. 
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GENERALIZED AUDIO POWER AMPLIFIER DESIGN 

The system designer usually knows some of the following 
parameters when starting an audio amplifier design: 

Desired Power Output Input Level 

Input Impedance Load Impedance 

Maximum Supply Voltage Bandwidth 

The power output and load impedance determine the power 
supply requirements, however, depending upon the applica- 
tion some system designers may be limited to certain maxi- 
mum supply voltages. If the designer does have a power 
supply limitation, he should choose a practical load imped- 
ance which would allow the amplifier to provide the desired 
output power, keeping in mind the current limiting capabili- 
ties of the device. In any case, the output signal swing and 
current are found from (where Pq is the average output 
power): 

Vopeak “ V2 R\_ Po (1) 

lopeak = V(2 P 0 )/Rl (2) 

To determine the maximum supply voltage the following pa- 
rameters must be considered. Add the dropout voltage (4V 
for LM2876) to the peak output swing, V opea k, to get the 
supply rail value (i.e. ± (V opea k + Vod) at a current of 
lopeak)- The regulation of the supply determines the unload- 
ed voltage, usually about 15% higher. Supply voltage will 
also rise 10% during high line conditions. Therefore, the 
maximum supply voltage is obtained from the following 
equation: 

Max. supplies ~ ± (V opea k + Vod)(1 + regulation)(1.1) (3) 
The input sensitivity and the output power specs determine 
the minimum required gain as depicted below: 

Av £(#oRlV(V| N ) — V orms /Vj nrms (4) 

Normally the gain is set between 20 and 200; for a 40W, 8ft 
audio amplifier this results in a sensitivity of 894 mV and 
89 mV, respectively. Although higher gain amplifiers provide 
greater output power and dynamic headroom capabilities, 
there are certain shortcomings that go along with the so 
called “gain.” The input referred noise floor is increased 
and hence the SNR is worse. With the increase in gain, 
there is also a reduction of the power bandwidth which re- 
sults in a decrease in feedback thus not allowing the amplifi- 
er to respond quickly enough to nonlinearities. This de- 
creased ability to respond to nonlinearities increases the 
THD + N specification. 

The desired input impedance is set by Rin- Very high values 
can cause board layout problems and DC offsets at the out- 
put. The value for the feedback resistance, Rfi, should be 
chosen to be a relatively large value (10 kft-100 kft), and 
the other feedback resistance, Ri, is calculated using stan- 
dard op amp configuration gain equations. Most audio am- 
plifiers are designed from the non-inverting amplifier config- 
uration. 


DESIGN A 25W/8ft AUDIO AMPLIFIER 

Given: 


Power Output 
Load Impedance 
Input Level 
Input Impedance 
Bandwidth 


25W 

8ft 


IV(max) 
100 kft 

20 Hz-20 kHz ± 0.25 dB 


Equations (1) and (2) give: 

25W/8ft Vopeak = 20.0V I 0peak = 2.5A 
Therefore the supply required is: ± 24.0V @ 2.5A 
With 1 5% regulation and high line the final supply voltage is 
± 30.36V using equation (3). At this point it is a good idea to 
check the Power Output vs Supply Voltage to ensure that 
the required output power is obtainable from the device 
while maintaining low THD + N ; It is also good to check the 
Power Dissipation vs Supply Voltage to ensure that the de- 
vice can handle the internal power dissipation. At the same 
time designing in a relatively practical sized heat sink with a 
low thermal resistance is also important. Refer to Typical 
Performance Characteristics graphs and the Thermal 
Considerations section for more information. 

The minimum gain from equation (4) is: Ay ^ 1 4 

We select a gain of 1 5 (Non-Inverting Amplifier); resulting in 
a sensitjvity of 942.8 mV. 


Letting Rin equal 100 kft gives the required input imped- 
ance, however, this would eliminate the “volume control” 
unless an additional input impedance was placed in series 
with the 10 kft potentiometer that is depicted in Figure 1. 
Adding the additional 100 kft resistor would ensure the mi- 
numum required input impedance. 

For low DC offsets at the output we let Rfi = 100 kft. 
Solving for Ri (Non-Inverting Amplifier) gives the following: 
Ri = R f1 /(A V - 1) = 100k/(15 - 1) = 7.1 kft; use 6.8 kft 
The bandwidth requirement must be stated as a pole, i.e.* 
the 3 dB frequency. Five times away from a pole gives 
0.17 dB down, which is better than the required 0.25 dB. 
Therefore: 


f L = 20 Hz/5 = 4 Hz 
f H = 20 kHz X 5 = 100 kHz 

At this point, it is a good idea to ensure that the Gain-Band- 
width Product for the part will provide the designed gain out 
to the upper 3 dB point of 100 kHz. This is why the minimum 
GBWP of the LM2876 is important. 

GBWP ;> A v X f3 dB = 15 X 100 kHz = 1.5 MHz 
GBWP = 2.0 MHz (min) for the LM2876 
Solving for the low frequency roll-off capacitor, Ci, we have: 
Ci ^ 1/(27r Ri fjJ = 5.9 juF; use 10 jutF. 
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Definition of Terms 

Input Offset Voltage: The absolute value of the voltage 
which must be applied between the input terminals through 
two equal resistances to obtain zero output voltage and cur- 
rent. 

Input Bias Current: The absolute value of the average of 
the two input currents with the output voltage and current at 
zero. 

Input Offset Current: The absolute value of the difference 
in the two input durrents with the output voltage and current 
at zero. 

Input Common-Mode Voltage Range (or Input Voltage 
Range): The range of voltages on the input terminals for 
which the amplifier is operational. Note that the specifica- 
tions are not guaranteed over the full common-mode volt- 
age range unless specifically stated. 

Common-Mode Rejection: The ratio of the input common- 
mode voltage range to the peak-to-peak change in input 
offset voltage over this range. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Quiescent Supply Current: The current required from the 
power supply to operate the amplifier with no load and the 
output voltage and current at zero. 

Slew Rate: The internally limited rate of change in output 
voltage with a large amplitude step function applied to the 
input. 

Class B Amplifier: The most common type of audio power 
amplifier that consists of two output devices each of which 
conducts for 180° of the input cycle. The LM2876 is a 
Quasi - AB type amplifier. 

Crossover Distortion: Distortion caused in the output 
stage of a class B amplifier. It can result from inadequate 
bias current providing a dead zone where the output does 
not respond to the input as the input cycle goes through its 
zero crossing point. Also for ICs an inadequate frequency 
response of the output PNP device can cause a turn-on 
delay giving crossover distortion on the negative going tran- 
sition through zero crossing at the higher audio frequencies. 
THD + N: Total Harmonic Distortion plus Noise refers to 
the measurement technique in which the fundamental com- 
ponent is removed by a bandreject (notch) filter and all re- 
maining energy is measured including harmonics and noise. 
Signal-to-Noise Ratio: The ratio of a system’s output signal 
level to the system’s output noise level obtained in the ab- 
sence of a signal. The output reference signal is either 
specified or measured at a specified distortion level. 
Continuous Average Output Power: The minimum sine 
wave continuous average power output in watts (or dBW) 
that can be delivered into the rated load, over the rated 
bandwidth, at the rated maximum total harmonic distortion. 
Music Power: A measurement of the peak output power 
capability of an amplifier with either a signal duration suffi- 
ciently short that the amplifier power supply does not sag 
during the measurement, or when high quality external pow- 
er supplies are used. This measurement (an IHF standard) 
assumes that with normal music program material the ampli- 
fier power supplies will sag insignificantly. 

Peak Power: Most commonly referred to as the power out- 
put capability of an amplifier that can be delivered to the 
load; specified by the part’s maximum voltage swing. 


Headroom: The margin between an actual signal operating 
level (usually the power rating of the amplifier with particular 
supply voltages, a rated load value, and a rated THD + N 
figure) and the level just before clipping distortion occurs, 
expressed in decibels. 

Large Signal Voltage Gain: The ratio of the output voltage 
swing to the differential input voltage required to drive the 
output from zero to either swing limit. The output swing limit 
is the supply voltage less a specified quasi-saturation volt- 
age. A pulse of short enough duration to minimize thermal 
effects is used as a measurement signal. 

Output-Current Limit: The output current with a fixed out- 
put voltage and a large input overdrive. The limiting current 
drops with time once SPiKe protection circuitry is activated. 
Output Saturation Threshold (Clipping Point): The output 
swing limit for a specified input drive beyond that required 
for zero output. It is measured with respect to the supply to 
which the output is swinging. 

Output Resistance: The ratio of the change in output volt- 
age io the change in output current with the output around 
zero. 

Power Dissipation Rating: The power that can be dissipat- 
ed for a specified time interval without activating the protec- 
tion circuitry. For time intervals in excess of 1 00 ms, dissipa- 
tion capability is determined by heat sinking of the 1C pack- 
age rather than by the 1C itself. 

Thermal Resistance: The peak, junction-temperature rise, 
per unit of internal power dissipation (units in °C/W), above 
the case temperature as measured at the center of the 
package bottom. 

The DC thermal resistance applies when one output transis- 
tor is operating continuously. The AC thermal resistance ap- 
plies with the output transistors conducting alternately at a 
high enough frequency that the peak capability of neither 
transistor is exceeded. 

Power Bandwidth: The power bandwidth of an audio am- 
plifier is the frequency range over which the amplifier volt- 
age gain does not fall below 0.707 of the flat band voltage 
gain specified for a given load and output power. 

Power bandwidth also can be measured by the frequencies 
at which a specified level of distortion is obtained while the 
amplifier delivers a power output 3 dB below the rated out- 
put. For example, an amplifier rated at 60W with ^ 0.25% 
THD + N, would make its power bandwidth measured as 
the difference between the upper and lower frequencies at 
which 0.25% distortion was obtained while the amplifier was 
delivering 30W. 

Gain-Bandwidth Product: The Gain-Bandwidth Product is 
a way of predicting the high-frequency usefulness of an op 
amp. The Gain-Bandwidth Product is sometimes called the 
unity-gain frequency or unity-gain cross frequency because 
the open-loop gain characteristic passes through or crosses 
unity gain at this frequency. Simply, we have the following 
relationship: Acli X f-| = Acl2 x h 
Assuming that at unity-gain (Acli = 1 or (0 dB)) fu = fi = 
GBWP, then we have the following: GBWP = Aql2 x f 2 
This says that once fu (GBWP) is known for an amplifier, 
then the open-loop gain can be found at any frequency. This 
is also an excellent equation to determine the 3 dB point of 
a closed-loop gain, assuming that you know the GBWP of 
the device. Refer to the diagram on the following page. 
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Definition of Terms (Continued) 

Biamplification: The technique of splitting the audio fre- 
quency spectrum into two sections and using individual 
power amplifiers to drive a separate woofer and tweeter. 
Crossover frequencies for the amplifiers usually vary be- 
tween 500 Hz and 1600 Hz. “Biamping” has the advan- 
tages of allowing smaller power amps to produce a given 
sound pressure level and reducing distortion effects pro- 
dused by overdrive in one part of the frequency spectrum 
affecting the other part. 

C.C.I.R./A.R.M.: 

Literally: International Radio Consultative Committee 
Average Responding Meter 


This refers to a weighted noise measurement for a Dolby B 
type noise reduction system. A filter characteristic is used 
that gives a closer correlation of the measurement with the 
subjective annoyance of noise to the ear. Measurements 
made with this filter cannot necessarily be related to un- 
weighted noise measurements by some fixed conversion 
factor since the answers obtained will depend on the spec- 
trum of the noise source. 

S.P.L.: Sound Pressure Level— usually measured with a mi- 
crophone/meter combination calibrated to a pressure level 
of 0.0002 juBars (approximately the threshold hearing level). 

S.P.L. = 20 Log 1 0P/0.0002 dB 
where P is the R.M.S. sound pressure in microbars. 

(1 Bar =1 atmosphere = 14.5lb/in2 = 194dBS.P.L.). 


DOMINATE POLE OF 
f THE OPEN-LOOP RESPONSE 


OPEN-LOOP VOLTAGE GAIN 
A (dB) a „ 


(UNITY GAIN) 0 dB 1 


LOSS = -20 dB/DECADE 

V UNITY-GAIN FREQUENCY 

-\ / OF THE OP AMP 


INPUT FREQUENCY, F(L0G SCALE) 
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National Semiconductor 


LM2877 Dual 4W Audio Power Amplifier 

General Description 

The LM2877 is a monolithic dual power amplifier designed 
to deliver 4W/channel continuous into 8fl loads. The 
LM2877 is designed to operate with a low number of exter- 
nal components, and still provide flexibility for use in stereo 
phonographs, tape recorders and AM-FM stereo receivers, 
etc. Each power amplifier is biased from a common internal 
regulator to provide high power supply rejection and output 
Q point centering. The LM2877 is internally compensated 
for all gains greater than 10, and comes in an 11 -lead sin- 
gle-in-line package. 

Features 

■ 4W/channel 

■ -68 dB ripple rejection, output referred 

■ -70 dB channel separation, output referred 


■ Wide supply range, 6-24V 

■ Very low cross-over distortion 

■ Low audio band noise 

■ AC short circuit protected 

■ Internal thermal shutdown 

Applications 

■ Multi-channel audio systems 

■ Stereo phonographs 

■ Tape recorders and players 

■ AM-FM radio receivers 

■ Servo amplifiers 

■ Intercom systems 

■ Automotive products 



Connection Diagram 


(Single-ln-Line Package) 



Top View 

Order Number LM2877P 
See NS Package Number P1 1 A 


*Pin 6 must be connected to GND. 
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Absolute Maximum Ratings 





If Military /Aerospace specified devices are required, Storage Temperature 


— 65°C to -M50°C S 

please contact the National Semiconductor Sales Junction Temperature 



150°C 

Office/Distributors for availability and specifications. Legd Temperature (So idering, 10 sec.) 


260°C 

Supply Voltage 

26V 

Thermal Resistance 




Input Voltage 

±o. 7 v ejc 




10°C/W 

Operating Temperature 

0°C to + 70°C 0JA 




55°C/W 

Electrical Characteristics v s = 2 ov,t T ab = 25 °c, r l = sa, a v = 50 (34 dB) unless otherwise specified. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Total Supply Current 

£ 

0 

- II 

0 

CL 


25 

50 

mA 

Operating Supply Voltage 


6 


24 

V 

Output Power/Channel 

f = 1 kHz, THD = 10 %,T TA b = 25°C 

V s = 20V 

4.0 

4.5 


W 


V s = 18V 


3.6 


W 


V s = 12V, R l = 4H 

1.5 

1.9 


W 


V s = 12V, r l = 8a 


1.0 


W 

Distortion, THD 

f = 1 kHz, V s = 20V 

Pq = 50 mW/Channel 


0.1 


% 


P 0 = IW/Channel 


0.07 

1 

* % 


P 0 = 2W/Channel 
f = 1 kHz, V s = 12 V, R l = 4a 


0.07 


% 


Pq = 50 mW/Channel 


0.25 


% 


Pq = 500 mW/Channel 


0.20 


% 


Pq = IW/Channel 


0.15 

1 

% 

Output Swing 

R L = sa 


Vg — 4 


v p-p 

Channel Separation 

C F = 50 /xF, C| N = 0.1 fiF, f = 1 kHz, 

Output Referred 

V s = 20V, V 0 = 4 Vrms 

-50 

-70 


dB 


V s = 7V, V 0 - 0.5 Vrms 


-60 


dB 

PSRR Power Supply 

C F = 50 /xF, C| N = 0.1 jaF, f = 120 Hz 





Rejection Ratio 

Output Referred 

Vg = 20V, Vripple = 1 Vrms 

-50 

-68 


dB 


Vg — 7V, VrippiJe = 0.5 Vrms 


-40 


dB 

Noise 

Equivalent Input Noise 

R s = 0, C| N = 0.1 /xF, BW = 20 Hz-20 kHz 
Output Noise Wideband 


2.5 


#xV 


Rs = 0, C|n = 0.1 jllF, A v = 200 


0.80 


mV 

Open Loop Gain 

R S = 0, f = 1 kHz, R L = 8a 


70 


dB 

Input Offset Voltage 



15 


mV 

Input Bias Current 



50 


nA 

Input Impedance 

Open Loop 


4 


Ma 

DC Output Level 

V s = 20V 

9 

10 

11 

V 

Slew Rate 



2.0 


V/jLtS 

Power Bandwidth 



65 


kHz 

Current Limit 



1.0 


A 

Note 1: For operation at ambient temperature greater than 25°C, the LM2877 must be derated based on a maximum 150°C junction temperature using a thermal 

resistance which depends upon device mounting techniques. 



% 
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DEVICE DISSIPATION (W) 

JTH CHANNELS OPERATING AVERAGE SUPPLY CURRENT (n»A) POWER SUPPLY REJECTION (dB) DEVICE DISSIPATION (W) 


Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 




0 10 20 30 40 SO 60 70 BO 
Ta-AMBIENT TEMPERATURE (°C) 

Power Supply Rejection Ratio 
(Referred to the Output) vs 
Supply Voltage 


FVr|PPLE = 1 Vow 
Vripple * 0-3 Vrm* 

"^Vrirple = 0.5 Vrm* | | | 

i»BYPASS * 50 fiF 

C|N=0.1/liF __ 

vripple ■ i vrm* 

f = 120 Hz — 

Ay = 50 

8 10 12 14 16 

SUPPLY VOLTAGE (V) 


Power Supply Rejection Ratio 
(Referred to the Output) vs 
Frequency 


wmm 


10 100 Ik 

FREQUENCY (Hi) 


Channel Separation (Referred) 
to the Output) vs Frequency 


■IJ 1 II 1 

■nil 
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•ife 
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10 100 Ik 


Ik 10k 100k 
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Power Supply Rejection Ratio 
(Referred to the Output) vs 
Frequency 


v ripple = 1 v— 
C|N 3 0.0047 juF 


Immm 
mm’/m 


100 Ik 

FREQUENCY (Hz) 


Channel Separation (Referred) 
to the Output) vs Frequency 


50 HS« C IN = »-M 47 ,FW 


10 100 Ik 10k 1001 

FREQUENCY (Hz) 


Average Supply Current vs 
Power Output 


Total Harmonic Distortion 
vs Frequency 


Total Harmonic Distortion 
vs Frequency 
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0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

10 100 Ik 10k 

100k 

10 100 Ik 10k 1 

POWER OUTPUT (W/CHANNEL) 

FREQUENCY (Hz) 


FREQUENCY (Hz) 

Power Dissipation vs 

Open Loop Gain vs 


Output Swing vs Supply 

Power Output 

Frequency 


Voltage 


1 2 3 4 5 

POWER OUTPUT (W/CHANNEL) 

100 

Ik 10k 100k 

FREQUENCY (Hz) 

1M 

4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (V) 





TL/H/7933-3 
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Typical Applications 


STEREO 

CERAMIC 

CARTRIDGE 


Stereo Phonograph Amplifier with Bass Tone Control 



Frequency Response of Bass Tone Control 



20 50 100 200 500 Ik 2k 5k 10k 20k 
FREQUENCY (Hz) 

TL/H/7933-5 


TL/H/7933-4 




11 










Typical Applications (Continued) 


Window Comparator Driving High, Low Lamps 



TL/H/7933-8 


Truth Table 


V|N 

High 

Low 

<%V+ 

Off 

On 

y 4 v+ to % v + 

Off 

Off 

>%v+ 

On 

Off 


Application Hints 

The LM2877 is an improved LM377 in typical audio applica- 
tions. In the LM2877, the internal voltage regulator for the 
input stage is generated from the voltage oh pin 1 . Normally, 
the input common-mode range is within ±0.7V of this pin 1 
voltage. Nevertheless, the common-mode range can be in- 
creased by externally forcing the voltage on pin 1 . One way 
to do this is to short pin 1 to the positive supply, pin 11. 


The only special care required with the LM2877 is to limit 
the maximum input differential voltage to ± 7 V. If this differ- 
ential voltage is exceeded, the input characteristics may 
change. 

Figure 1 shows a power op amp application with Ay = 1 . 
The 1 00k and 1 0k resistors set a noise gain of 1 0 and are 
dictated by amplifier stability. The 10k resistor is boot- 
strapped by the feedback so the input resistance is domi- 
nated by the 1 Mft resistor. 


100k 
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Na t 


ion a l 


Semiconductor 


LM2878 Dual 5 Watt Power Audio Amplifier 


General Description 

The LM2878 is a high voltage stereo power amplifier de- 
signed to deliver 5W/channel continuous into 8fl loads. The 
amplifier is ideal for use with low regulation power supplies 
due to the absolute maximum rating of 35 V and its superior 
power supply rejection. The LM2878 is designed to operate 
with a low number of external components, and still provide 
flexibility for use in stereo phonographs, tape recorders, and 
AM-FM stereo receivers. The flexibility of the LM2878 al- 
lows it to be used as a power operational amplifier, power 
comparator or servo amplifier. The LM2878 is internally 
compensated for all gains greater than 10, and comes in an 
1 1 -lead single-in-line package (SIP). The package has been 
redesigned, resulting in the slightly degraded thermal char- 
acteristics shown in the figure Device Dissipation vs Ambi- 
ent Temperature. 


Features 

■ Wide operating range 6V-32V 

■ 5W/channel output 

■ 60 dB ripple rejection, output referred 

■ 70 dB channel separation, output referred 

■ Low crossover distortion 

■ AC short circuit protected 

■ Internal thermal shutdown 

Applications 

■ Stereo phonographs 

■ AM-FM radio receivers 

■ Power op amp, power comparator 

■ Servo amplifiers 


Typical Applications 



Frequency Response 
of Bass Tone Control 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 

TL/H/7934-2 


FIGURE 1. Stereo Phonograph Amplifier with Bass Tone Control 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 35V 

Input Voltage (Note 1) + 0.7V 

Operating Temperature (Note 2) 0°C to + 70°C 


Storage Temperature 
Junction Temperature 
Lead Temperature (Soldering, 10 sec.) 
Thermal Resistance 
0JC 
0ja 


— 65°C to + 1 50°C 
+ 150°C 
+ 260°C 

10°C/W 

55°C/W 


Electrical Characteristics Vs = 22 V, Tjab = 25°C, Rl = 8 CL, Ay = 50 (34 dB) unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Total Supply Current 

£ 

o 

II 

0 

01 


10 

50 

mA 

Operating Supply Voltage 


6 


32 

V 

Output Power/Channel 

f = 1 kHz, THD = 10%, T tab = 25°C 

5 

5.5 


W 


f = 1 kHz, THD = 10%, V s = 12V 


1.3 


W 

Distortion 

f = 1 kHz, Rl = 8fl 

P 0 = 50 mW 


0.20 


% 


P 0 = 0.5W 


0.15 


% 


$ 

CM 

II 

o 

CL 


0.14 


% 

Output Swing 

Rl = 8f! 


> 

CO 

1 

£ 


Vp-p 

Channel Separation 

CbYPASS = 50 pF. C| N = 0.1 p,F 
f = 1 kHz, Output Referred 

Vo = 4 Vrms 

-50 

-70 


dB 

PSRR Power Supply 

CBYPASS = 50 ^ F > C IN = 0.1 fiF 





Rejection Ratio 

f = 1 20 Hz, Output Referred 

V r jppie == 1 Vrms 

-50 

-60 


dB 

PSRR Negative Supply 

Measured at DC, Input Referred 


-60 


dB 

Common-Mode Range 

Split Supplies ± 1 5V, Pin 1 

Tied to Pin 1 1 


±13.5 


V 

Input Offset Voltage 



10 


mV 

Noise 

Equivalent Input Noise 

Rs = 0, C|n = 0.1 jaF 

BW = 20 - 20 kHz 


2.5 


j*V 


CCIR*ARM 


3.0 




Output Noise Wideband 

Rg = 0, C|n = 0.1 julF, Ay = 200 


0.8 


mV 

Open Loop Gain 

R s = 51H,f = 1 kHz, R l = 8 n 


70 


dB 

Input Bias Current 



100 


nA 

Input Impedance 

Open Loop 


4 


Mft 

DC Output Voltage 

V S = 22 V 

10 

11 

12 

V 

Slew Rate 



2 


V/jaS 

Power Bandwidth 

3 dB Bandwidth at 2.5W 


65 


kHz 

Current Limit 



1.5 


A 


Note 1: ±0.7V applies to audio applications; for extended range, see Application Hints. 

Note 2: For operation at ambient temperature greater than 25°C, the LM2878 must be derated based on a maximum 1 50°C junction temperature using a 
resistance which depends upon device mounting techniques. 
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6 8 10 12 14 16 18 20 22 

SUPPLY VOLTAGE (V) 


POWER OUTPUT (W/CHANNEL) 


TL/H/7934-3 
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8Z8ZW1 


Equivalent Schematic Diagram 




LM2878 


Connection Diagram 


Single-In-Line Package 



TL/H/7934-5 

Top View 

*Pin 6 must be connected to GND. 

Order Number LM2878P 
See NS Package Number P1 1 A 


Application Hints 

The LM2878 is an improved LM378 in typical audio applica- 
tions. In the LM2878, the internal voltage regulator for the 
input stage is generated from the voltage on pin 1 . Normally, 
the input common-mode range is within ± 0.7V of this pin 1 
voltage. Nevertheless the common-mode range can be in- 
creased by externally forcing the voltage on pin 1 . One way 
to do this is to short pin 1 to the positive supply, pin 1 1 . 
The only special care required with the LM2878 is to limit 
the maximum input differential voltage to ± 7V. If this differ- 
ential voltage is exceeded, the input characteristics may 
change. 

Figure 2 shows a power op amp application with Ay = 1 . 
The 100k and 10k resistors set a noise gain of 10 and are 
dictated by amplifier stability. The 10k resistor is boot- 
strapped by the feedback so the input resistance is domi- 
nated by the 1 Mft resistor. 

100k 



FIGURE 2. Operational Power Amplifier, Ay = 1 
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External Components (Figure 3) 

1. R2, R5, R7, RIO Sets voltage gain Ay = 1 + R2/R5 for 



one channel and Ay = 1 + R10/R7 for 
the other channel. 

2. R4, R8 

Resistors set input impedance and sup- 
ply bias current for the positive input. 

3. R 0 

Works with Co to stabilize output stage. 

4. Cl 

Improves power supply rejection (see 
Typical Performance Characteristics). 

5. C11 

Stabilizes amplifier, may need to be larg- 
er depending on power supply filtering. 


Typical Applications (Continued) 



TL/H/7934-7 

FIGURE 3. Stereo Amplifier with A v = 200 


6. C4, C8 Input coupling capacitor. Pins 4 and 8 

are at a DC potential of Vs/2. Low fre- 
quency pole set by: 


L 2ttR4C4 

7. C5, C7 Feedback capacitors. Ensure unity gain 

at DC. Also low frequency pole at: 

fL ~ 2 ttR5C5 

8. Cq Works with Rq to stabilize output stage. 

9. C2, CIO Output coupling capacitor. Low frequen- 

cy pole given by: 

f 1 
L RtfRLC2 



Bridge Configuration 


LM2878 







LM2878 


Typical Applications (Continued) 



Jruth Table 


V, N 

High 

Low 

<%v • 

Off 

On 

y 4 v+to%v+ 

Off 

Off 

>%v+ 

On 

Off 


FIGURE 5. Window Comparator Driving High, Low Lamps 


1-116 




National Semiconductor 


LM2879 Dual 8W Audio Amplifier 

General Description 

The LM2879 is a monolithic dual power amplifier which of- 
fers high quality performance for stereo phonographs, tape 
players, recorders, AM-FM stereo receivers, etc. 

The LM2879 will deliver 8W/channel to an 8H load. The 
amplifier is designed to operate with a minimum of external 
components and contains an internal bias regulator to bias 
each amplifier. Device overload protection consists of both 
internal current limit and thermal shutdown. 

Features 

■ A vo typical 90 dB 

■ 9W per channel (typical) 

■ 60 dB ripple rejection 

■ 70 dB channel separation 


Connection Diagram and Typical Application 


■ Self-centering biasing, 

■ 4 MH input impedance 

■ Internal current limiting 

■ Internal thermal protection 

Applications 

■ Multi-channel audio systems 

■ Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 



Plastic Package 


Stereo Amplifier 



TOP VIEW 


TL/H/5291 -1 


Order Number LM2879T 
See NS Package Number TA11B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 35V 

Input Voltage (Note 1 ) ± 0.7V 

Operating Temperature (Note 2) 0°C to + 70°C 


Storage Temperature 
Junction Temperature 
Lead Temp. (Soldering, 10 seconds) 
ESD rating to be determined. 
Thermal Resistance 
0JC 
0JA 


— 65°CtO + 150°C 
150°C 
260°C 


1°C/W 

43°C/W 


Electrical Characteristics Vq= 28V, Tjab = 25°C, Rl = 8n, Ay = 50 (34 dB), unless otherwise specified. 


Parameter 

! Conditions 


Typ 

Max 

Units 

Total Supply Current 

o 

ii 

o 

:> 


12 

65 

mA 

Operating Supply Voltage 


6 


32 


Output Power/Channel 

f=1 kHz, THD==10 %,Ttab = 25°C 

6 

8 



Distortion 

f=1 kHz, R L = 8ft 

Po=1 W/Channel 


0.05 

1 

% 

Output Swing 

R|_ = 8f! 


V s — 6V 


Vp-p 

Channel Separation 

CBYPASS = 50 /*F, C| N = 0.1 \xF 
f = 1 kHz, Output Referred 

Vo -4 Vrms 


-70 


dB 

PSRR Positive Supply 

^BYPASS = 50 M F , C IN = 0.1 
f = 120 Hz, Output Referred 

Vripple^ "1 Vrms 


-60 


dB 

PSRR Negative Supply 

Measured at DC, Input Referred 


-60 


dB 

Common-Mode Range 

Split Supplies ± 1 5V, Pin 1 

Tied to Pin 1 1 




V 

Input Offset Voltage 



10 


mV 

Noise 

Equivalent Input Noise 

Rs~0, C|n=0.1 julF 

BW=20 -20 kHz 

CCIR*ARM 

Output Noise Wideband 

Hs^O, C|m = 0.1 jutF, Ay =200 


2.5 

3.0 

0.8 


jaV 

j*V 

mV 

Open Loop Gain 

R s = 5ia f=1 kHz, R l = 8H 


70 


dB 

Input Bias Current 



100 


nA 

Input Impedance 

Open Loop 


4 


Mft 

DC Output Voltage 

V s = 28V 


14 


V 

Slew Rate 



2 


V/jas 

Power Bandwidth 

3 dB Bandwidth at 2.5W 


65 


kHz 

Current Limit 



1.5 


A 


Note 1: The input voltage range is normally limited to ±0.7V with respect to pin 1. This range may be extended by shorting pin 1 to the positive supply. 

Note 2: For operation at ambient temperature greater than 25°C, the LM2879 must be derated based on a maximum 150°C junction temperature. Thermal 
resistance, junction to case, is 3°C/W. Thermal resistance, case to ambient, is 40°C/W. 


Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 


Supply Current vs Output 
Power 
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Typical Applications (Continued) 


Simple Stereo Amplifier with Bass Boost 


0.02 mF 



Power Op Amp (Using Split Supplies) 
look 
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National Semiconductor 


LM3875 Overture Audio Power Amplifier Series 

High-Performance 56W Audio Power Amplifier 


General Description 

The LM3875 is a high-performance audio power amplifier 
capable of delivering 56W of continuous average power to 
an 8 ft load with 0.1 % (THD + N) from 20 Hz-20 kHz. 

The performance of the LM3875, utilizing its Self Peak In- 
stantaneous Temperature (°Ke) (SPiKe) Protection Circuit- 
ry, puts it in a class above discrete and hybrid amplifiers by 
providing an inherently, dynamically protected Safe Operat- 
ing Area (SOA). SPiKe Protection means that these parts 
are completely safeguarded at the output against overvolt- 
age, undervoltage, overloads, including shorts to the sup- 
plies, thermal runaway, and instantaneous temperature 
peaks. 

The LM3875 maintains an excellent Signal-to-Noise Ratio of ; 
greater than 95 dB(min) with a typical low noise floor of 
2.0 juV. It exhibits extremely low (THD + N) values of 
0.06% at the rated output into the rated load over the audio 
spectrum, and provides excellent linearity with an IMD 
(SMPTE) typical rating of 0.004%. 


Features 

■ 56W continuous average output power into 8fl 

■ 100W instantaneous peak output power capability 

■ Signal-to-Noise Ratio >95 dB (min) 

* Output protection from a short to ground or to the 
supplies via internal current limiting circuitry 

■ Output over-voltage protection against transients from 
inductive loads 

■ Supply under-voltage protection, not allowing internal 
biasing to occur when |V^| -fr |Vccl ^ 12V, thus elimi- 
nating turn-on and turn-off transients 

■ 11 lead TO-220 package 

Applications 

■ Component stereo 

■ Compact stereo 

■ Self-powered speakers 

■ Surround-sound amplifiers 

■ High-end stefeo TVs 


Typical Application 


Connection Diagram 



Plastic Package (Note 8) 



*Ci —I— 


Top View 

Order Number LM3875T or LM3875TF 
See NS Package Number TA11B for 
Staggered Lead Non-lsolated 
Package or TF1 IB for Staggered 
Lead Isolated Package 


FIGURE 1 . Typical Audio Amplifier Application Circuit 

^Optional components dependent upon specific design requirements. Refer to the External Compo- 
nents Description section for a component function description. 
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Absolute Maximum Ratings (Notes i 2) 

If Military/ Aerospace specified devices are required, Junction Temperature (Note 5) 150°C 

please contact the National Semiconductor Sales Soldering Information 

Office/Distributors for availability and specifications. T package (1 0 seconds) 260°C 

Supply Voltage |V+ 1 4- | V | (No Signal) 94V Storage Temperature — 40°Cto +150°C 

Supply Voltage |V+['+ |V~| (Input Signal) 84V Thermal Resistance 

Common Mode Input Voltage (V+orV— )and 0jc 1°C/W 

|V+| + |V | ^ 80V 0 JA 43°C/W 

Differential Input Voltage 60V „ „ 

Output Current Internally Limited 0p©r3tilig HStifigS (Notes 1, 2) 

Power Dissipation (Note 3) 125W Temperature Range 

ESD Susceptibility (Note 4) 2500V T MIN ^ T A iS T MAX -20°C s: T a ^ +85°C 

Supply Voltage |V+| + |V~| 20V to 84V 

Note: Operation is guaranteed up to 84V, however, distortion may be intro- 
duced from the SPiKe Protection Circuitry when operating above 70V 
if proper thermal considerations are not taken into account. Refer to 
the Thermal Considerations section for more information. (See SPiKe 
Protection Response) 

Electrical Characteristics (Notes 1,2) The following specifications apply for V+ = +35V, V- = -35V with 

Rl = 8fi unless otherwise specified. Limits apply for Ta = £5°C. 

Symbol 

Parameter 

Conditions 

LM3875 

Units 

(Limits) 

Typical 
(Note 6) 

Limit 
(Note 7) 

|v+| + |v-| 

Power Supply Voltage 



20 

84 

V (Min) 

V (Max) 

**p 0 

Output Power (Continuous Average) 

THD + N = 0.1% (Max) 
f = 1 kHz, f = 20 kHz 

56 

40 

W (Min) 

Peak Pq 

Instantaneous Peak Output Power 


100 


W 

THD + N 

Total Harmonic Distortion Plus Noise 

40W, 20 Hz ^ f ^ 20 kHz 

A v = 26 dB 

0.06 


% 

**SR 

Slew Rate (Note 9) 

V iN = 1.414 Vrms.f = 10 kHz 

Square-wave, Rl = 2 kft 

11 

5 

V/jas (Min) 

*1 + 

Total Quiescent Power Supply Current 

Vqm = ov, V 0 = ov, l 0 = 0 mA 

30 

70 

mA (Max) 

*Vos 

Input Offset Voltage 

V C M = 0V, l 0 = 0 mA 

1 

10 

mV (Max) 

Ib 

Input Bias Current 

V C M = 0V, l 0 = 0 mA 

0.2 

1 

/mA (Max) 

•OS 

Input Offset Current 

Vcm = 0V, l 0 = 0 mA 

0.01 

0.2 

jaA (Max) 

lo 

Output Current Limit 

|V+| = |V-| = 10V, ton = 10ms,V o = 0V 

6 

4 

A (Min) 

< 

0 

CL 

Output Dropout Voltage (Note 1 0) 

|V+ - V 0 |,V+ = 20V, l 0 = + 100 mA 
jv 0 - V— |, V- = -20V, l 0 = -100 mA 

1.6 

2.7 

5 

5 

V (Max) 

V (Max) 

*PSRR 

Power Supply Rejection Ratio 

V+ = 40V to 20V, V- = -40V, 

V C m = 0V, l 0 = 0 mA 

V+ = 40V, V- = -40V to -20V, 

V C m = 0V, l 0 = 0 mA 

120 

120 

85 

85 

dB (Min) 

*CMRR 

Common Mode Rejection Ratio 

V+ = 60V to 20V, V- = -20V to -60V, 

V cm = 20V to -20V, l 0 = 0 mA 

120 

80 

dB (Min) 

*a V ol 

Open Loop Voltage Gain 

|V+| = |V-| = 40V, R L = 2 kn, A V G = 60V 


90 

dB (Min) 

GBWP 

Gain-Bandwidth Product 

|V+| = |V“| = 40V 

f 0 = 100 kHz, V| N = 50 mVrms 

n 


MHz (Min) 

** e IN 

Input Noise 

IHF - A Weighting Filter 

Rin = 600H (Input Referred) 

2.0 

8.0 

jliV (Max) 

*DC Electricat Test; refer to Test Circuit #1. 

**AC Electrical Test; refer to Test Circuit #2. 
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LM3875 


Electrical Characteristics (Notes 1, 2) The following specifications apply for V+ = + 35V, V - = -35V with 
Ri_ = 811 unless otherwise specified. Limits apply for Ta = 25°C. (Continued) 





LM3875 

Units 

(Limits) 

Symbol 

Parameter 

Conditions 



SNR 

Signal-to-Noise Ratio 

Pq = 1 W, A-Weighted, 

Measured at 1 kHz, R$ = 2511 



dB 



Po = 40W, A-Weighted, 
Measured at 1 kHz, R§ = 2511 



dB 



P pk = 100W, A-Weighted, 
Measured at 1 kHz, Rs = 2511 



dB 

IMD 

Intermodulation Distortion Test 

60 Hz, 7 kHz, 4:1 (SMPTE) 

60 Hz, 7 kHz, 1:1 (SMPTE) 

0.004 

0.006 


% 


*DC Electrical Test; refer to Test Circuit #1. 

**AC Electrical Test; refer to Test Circuit #2. 

Note 1: All voltages are rneasured with respect to supply GND, unless otherwise specified. 

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 

Note 3: For operating at case temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 
0jc - 1 .0°C/W (junction to case). Refer to the Thermal Resistance figure in the Application Information section under Thermal Considerations. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: The operating junction temperature maximum is 150°C, however, the instantaneous Safe Operating Area temperature is 250°C. 

Note 6: Typicals are measured at 25°C and represent the parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The LM3875T package TA11B is a non-isolated package, setting the tab of the device and the heat sink at V - potential when the LM3875 is directly 
mounted to the heat sink using only thermal compound. If a mica washer is used in addition to thermal compound, #cs (case to sink) is increased, but the heat sink 
will be isolated from V~. 

Note 9: The feedback compensation network limits the bandwidth of the closed-loop response and so the slew rate will be reduced due to the high frequency roll- 
off. Without feedback compensation, the slew rate is typically 16V/jns. 

Note 10: The output dropout voltage is the supply voltage minus the clipping voltage. Refer to the Clipping Voltage vs. Supply Voltage graph in the Typical 
Performance Characteristics section. 
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External Components Description (i Figures 1 and 2) 

Components Functional Description 

1 . Rin Acts as a volume control by setting the voltage level allowed to the amplifier’s input terminals. 

2. Ra Provides DC voltage biasing for the single supply operation and bias current for the positive input terminal. 

3. Ca Provides bias filtering. 

4. C Provides AC coupling at the input and output of the amplifier for single supply operation. 

5. Rb Prevents currents from entering the amplifier’s non-inverting input which may be passed through to the load 

upon power-down of the system due to the low input impedance of the circuitry when the under-voltage 
circuitry is off. This phenomenon occurs when the supply voltages are below 1 .5V. 

6. *Cc Reduces the gain (bandwidth of the amplifier) at high frequencies to avoid quasi-saturation oscillations of the 

output transistor. The capacitor also suppresses external electromagnetic switching noise created from 
fluorescent lamps. 

7. Ri Inverting input resistance to provide AC Gain in conjunction with Rfi . 

8. *Ci Feedback capacitor. Ensures unity gain at DC. Also a low frequency pole (highpass roll-off) at: 

f c = 1/(27 r RiCi). 

9. Rfi Feedback resistance to provide AC Gain in conjunction with Ri. 

1 0. *Rf 2 At higher frequencies feedback resistance works with Cf to provide lower AC Gain in conjunction with Rfi 

and Ri. A high frequency pole (lowpass roll-off) exists at: 
f c = I R fi R f 2 l (s + 1/Rf2 Cf] / [(Rfi + R f2 ) (s + 1/C f (R f1 +Rf 2 ))]- 

11. *Cf Compensation capacitor that works with Rfi and Rf 2 to reduce the AC Gain at higher frequencies. 

1 2. *Rsn Works with Csn to stabilize the output stage by creating a pole that eliminates high frequency oscillations. 

1 3. *Csn Works with Rsn to stabilize the output stage by creating a pole that eliminates high frequency oscillations. 

f c = 1 /(27 tR S n C S n)- 

14. *L Provides high impedance at high frequencies so that R may decouple a highly capacitive load and reduce the 

15 . *R Q of the series resonant circuit due to capacitive load. Also provides a low impedance at low frequencies to 

short out R and pass audio signals to the load. 

1 6. Cs Provides power supply filtering and bypassing. 

*Optional components dependent upon specific design requirements. Refer to the Application Information section for more information. 


OPTIONAL EXTERNAL COMPONENT INTERACTION 

Although the optional external components have specific desired functions that are designed to reduce the bandwidth and 
eliminate unwanted high frequency oscillations they may cause certain undesirable effects when they interact. Interaction may 
occur for components whose reactances are in close proximity to one another. One example would be the coupling capacitor, 
Cc, and the compensation capacitor, Cf. These two components act as low impedances to certain frequencies which will couple 
signals from the input to the output. Please take careful note of basic amplifier component functionality when designing in these 
components. 

The optional external components shown in Figure 2 and described above are applicable in both single and split voltage supply 
configurations. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 



THD + N vs 
Output Power 



Output Power (W) 


THD Distribution 


THD Distribution 
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Max Heatsink Thermal Resistance (°C/W) 
at the Specified Ambient Temperature (°C) 


: 25°C 

40 

50 

60 

70 

80 

90 

100 

110 

T c ,°C 

p d >w 

1.3 

1.0 - - 






— 


- 90 

-50-- 

1.6 

1.2 

1.0 







96 

45 

1.9 

1.6 

1.3 

1.1 - - 




— 


- 102 

- 40 * - 

2.4 

1.9 

1.7 

1.4 

1.1 





108 

35 

3.0 

2.5 

2.1 

1.8 

1.5 

1.1 -- 


— 


-114 

- 30 - - 

3.8 

3.2 

2.8 

2.4 

2.0 

1.6 

1.2 



120 

25 

5.1 

4.3 

3.8 

3.3 

2.8 

2.3 

1.8 

1.3 - 


- 126 

-20- - 

7.1 

6.1 

5.5 

4.8 

4.1 

3.5 

2.8 

2.1 

1.5 

132 

15 

11.3 

9.8 

8.8 

7.8 

6.8 

5.8 

4.8 

3.8 

2.8 

138 

- 10 - - 


Note: The maximum heat sink thermal resistance values, 0 sa> in the table above 
were calculated using a 0cs = 0.2°C/W due to thermal compound. 


Maximum Power Dissipation 
vs Supply Voltage 
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Application Information 

GENERAL FEATURES 

Under-Voltage Protection: Upon system power-up the un- 
der-voltage Protection Circuitry allows the power supplies 
and their corresponding caps to come up close to their full 
values before turning on the LM3875 such that no DC out- 
put spikes occur. Upon turn-off, the output of the LM3875 is 
brought to ground before the power supplies such that no 
transients occur at power-down. 

Over-Voltage Protection: The LM3875 contains overvolt- 
age protection circuitry that limits the output current to ap- 
proximately 4Apeak while also providing voltage clamping, 
though not through internal clamping diodes. The clamping 
effect is quite the same, however, the, output transistors are 
designed to work alternately by sinking large current spikes. 
SPiKe Protection: The LM3875 is protected from instanta- 
neous peak-temperature stressing by the power transistor 
array. The Safe Operating Area graph in the Typical Per- 
formance Characteristics section shows the area of de- 
vice operation where the SPiKe Protection Circuitry is not 
enabled. The waveform to the right of the SOA graph exem- 
plifies how the dynamic protection will cause waveform dis- 
tortion when enabled. 

Thermal Protection: The LM3875 has a sophisticated ther- 
mal protection scheme to prevent long-term thermal stress 
to the device. When the temperature on the die reaches 
165°C, the LM3875 shuts down. It starts operating again 
when the die temperature drops to about 155°C, but if the 
temperature again begins to rise, shutdown will occur again 
at 165°C. Therefore the device is allowed to heat up to a 
relatively high temperature if the fault condition is tempo- 
rary, but a sustained fault will cause the device to cycle in a 
Schmitt Trigger fashion between the thermal shutdown tem- 
perature limits of 1 65°C and 1 55°C. This greatly reduces the 
stress imposed on the 1C by thermal cycling, which in turn 
improves its reliability under sustained fault conditions. 
Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen as discussed in 
the Thermal Considerations section, such that thermal 
shutdown will not be reached during normal operation. Us- 
ing the best heat sink possible within the cost and space 
constraints of the system will improve the long-term reliabili- 
ty of any power semiconductor device. 

THERMAL CONSIDERATIONS 
Heat Sinking 

The choice of a heat sink for a high-power audio amplifier is 
made entirely to keep the die temperature at a level such 
that the thermal protection circuitry does not operate under 
normal circumstances. The heat sink should be chosen to 
dissipate the maximum 1C power for a given supply voltage 
and rated load. 

With high-power pulses of longer duration than 1 00 ms, the 
case temperature will heat up drastically without the use of 
a heat sink. Therefore the case temperature, as measured 
at the center of the package bottom, is entirely dependent 
on heat sink design and the mounting of the 1C to the heat 
sink. For the design of a heat sink for your audio amplifier 
application refer to the Determining the Correct Heat Sink 
section. 


Since a semiconductor manufacturer has no control over 
which heat sink is used in a particular amplifier design, we 
can only inform the system designer of the parameters and 
the method needed in the determination of a heat sink. With 
this in mind, the system designer must choose his supply 
voltages, a rated load, a desired output power level, and 
know the ambient temperature surrounding the device. 
These parameters are in addition to knowing the maximum 
junction temperature and the thermal resistance of the 1C, 
both of which are provided by National Semiconductor. 

As a benefit to the system designer we have provided Maxi- 
mum Power Dissipation vs Supply Voltages curves for vari- 
ous loads in the Typical Performance Characteristics 
section, giving an accurate figure for the maximum thermal 
resistance required for a particular amplifier design. This 
data was based on 0jc = 1°C/W and 0cs = 0.2°C/W. We 
also provide a section regarding heat sink determination for 
any audio amplifier design where 0 cs may be a different 
value. It should be noted that the idea behind dissipating the 
maximum power within the 1C is to provide the device with a 
low resistance to convection heat transfer such as a heat 
sink. Therefore, it is necessary for the system designer to be 
conservative in his heat sink calculations. As a rule, the low- 
er the thermal resistance of the heat sink the higher the 
amount of power that may be dissipated. This is, of course, 
guided by the cost and size requirements of the systpm. 
Convection cooling heat sinks are available commercially, 
and their manufacturers should be consulted for ratings. 
Proper mounting of the 1C is required to minimize the ther- 
mal drop between the package and the heat sink. The heat 
sink must also have enough, metal under the package to 
conduct heat from the center of the package bottom to the 
fins without excessive temperature drop. 

A thermal grease such as Wakefield type 120 or Thermalloy 
Thermacote should be used when mounting the package to 
the heat sink. Without this compound, the thermal resist- 
ance will be no better than 0.5°C/W, and probably much 
worse. With the compound, thermal resistance will be 
0.2°C/W or less, assuming under 0.005 inch combined flat- 
ness runout for the package and heat sink. Proper torquing 
of the mounting bolts is important and can be determined 
from heat sink manufacturer’s specification sheets. 

Should it be necessary to isolate V - from the heat sink, an 
insulating washer is required. Hard washers like berylum ox- 
ide, anodized aluminum and mica require the use of thermal 
compound on both faces. Two-mil mica washers are most 
common, giving about 0.4°C/W interface resistance with the 
compound. 

Silicone-rubber washers are also available. A 0.5°C/W ther- 
mal resistance is claimed without thermal compound. Expe- 
rience has shown that these rubber washers deteriorate and 
must be replaced should the 1C be dismounted. 

Determining Maximum Power Dissipation 

Power dissipation within the integrated circuit package is a 
very important parameter requiring a thorough understand- 
ing if optimum power output is to be obtained. An. incorrect 
maximum power dissipation (Pd) calculation may result in 
inadequate heatsinking, causing thermal shutdown circuitry 
to operate and limit the output power. 
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Application Information (Continued) 

The following equations can be used to accurately calculate 
the maximum and average integrated circuit power dissipa- 
tion for your amplifier design, given the supply voltage, rated 
load, and output power. These equations can be directly 
applied to the Power Dissipation vs Output Power curves in 
the Typical Performance Characteristics section. 
Equation (1) exemplifies the maximum power dissipation of 
the 1C and equations (2) and (3) exemplify the average 1C 
power dissipation expressed in different forms. 

PdMAX = Vcc 2 /2tt2 R l (1) 

where V<x is the total supply voltage 

PDAVE - (Vopk/R L ) [V CC /* - V 0pk /2] (2) 

where Vcc is the total supply voltage and Vo pk = Vqc/7T 
Pdave * V CC Vo P k/^ Rl ~ v O P k 2 /2 Rl (3) 
where Vcc is the total supply voltage. 

Determining tiie Correct Heat Sink 

Once the maximum 1C power dissipation is known for a giv- 
en supply voltage, rated load, and the desired rated output 
power the maximum thermal resistance (in °C/W) of a heat 
sink can be calculated. This calculation is made using equa- 
tion (4) and is based on the fact that thermal heat flow pa- 
rameters are analogous to electrical current flow properties. 
It is also known that typically the thermal resistance, 0jc 
(junction to case), of the LM3875 is 1°G/W and that using 
Thermalloy Thermacote thermal compound provides a ther- 
mal resistance, 0qs (case to heat sink), of about 0.2°G/W 
as explained in the Heat Sinking section. 

Referring to the figure below, it is seen that the thermal 
resistance from the die (junction) to the outside air (ambient) 
is a combination of three thermal resistances, two of which 
are known, 0 jc and 0cs- Since convection heat flow (power 
dissipation) is analogous to current flow, thermal resistance 
is analogous to electrical resistance, and temperature drops 
are analogous to voltage drops, the power dissipation out of 
the LM3875 is equal to the following: 

PDMAX = (Tjm&x “ T A mb)/0JA 
where 0j A = 0jc + 0cs + 0sa 

Tlmax ^Amb 

•-AAA 

0 JC 0 CS 
P DMAX 

• vw • 

0 JA 

TL/H/11449-10 

But since we know Pqmax. 0jc> and 0sc for the application 
and we are looking for 0s A , we have the following: 

0SA = [(Tjmax “ T Amb ) ~ PdMAX (#JC + ^CS)]/ PDMAX ( 4 ) 

Again it must be npted that the value of 0 sa is dependent 
upon the system designer’s amplifier application and its cor- 
responding parameters as described previously. If the ambi- 
ent temperature that the audio amplifier is to be working 
under is higher than the normal 25°C, then the thermal re- 
sistance for the heat sink, given all other things are equal, 
will need to be smaller. 


Equations (1) and (4) are the only equations needed in the 
determination of the maximum heat sink thermal resistance. 
This is, of course, given that the system designer knows the 
required supply voltages to drive his rated load at a particu- 
lar power output level and the parameters provided by the 
semiconductor manufacturer. These parameters are the 
junction to case thermal resistance, 0jq, Tj max = 150°C, 
and the recommended Thermalloy Thermacote thermal 
compound resistance, 0cs- 

SIGNAL-TO-NOISE RATIO 

In the measurement of the signal-to-noise ratio, misinterpre- 
tations of the numbers actually measured are common. One 
amplifier may sound much quieter than another, but due to 
improper testing techniques, they appear equal in measure- 
ments. This is often the case when comparing integrated 
circuit designs to discrete amplifier designs. Discrete tran- 
sistor amps often “run out of gain” at high frequencies and 
therefore have small bandwidths to noise as indicated be- 
low. 



FREQUENCY (Hz) 

TL/H/ 11449-11 

Integrated circuits have additional open loop gain allowing 
additional feedback loop gain in order to lower harmonic 
distortion and improve frequency response. It is this addi- 
tional bandwidth that can lead to erroneous signal-to-noise 
measurements if not considered during the measurement 
process. In the typical example above, the difference in 
bandwidth appears small on a log scale but the factor of 10 
in bandwidth, (200 kHz to 2 MHz) can result in a 10 dB 
theoretical difference in the signal-to-noise ratio (white 
noise is proportional to the square root of the bandwidth in a 
system). 

In comparing audio amplifiers it is necessary to measure the 
magnitude of noise in the audible bandwidth by using a 
“weighting” filter.i A “weighting” filter alters the frequency 
response in order to compensate for the average human 
ear’s sensitivity to the frequency spectra. The weighting fil- 
ters at the same time provide the bandwidth limiting as dis- 
cussed in the previous paragraph. 

In addition to noise filtering, differing meter types give differ- 
ent noise readings. Meter responses include: 

1. RMS reading, 

2. average responding, 

3. peak reading, and 

4. quasi peak reading. 


Reference 1: CCIR/ARM: A Practical Noise Measurement Method ; by Ray 
Dolby, David Robinson and Kenneth Gundry, AES Preprint No. 1353 (F-3). 


1-134 







smm 


Application Information (Continued) 

The load current II will be much larger than input bias cur- 
rent li, thus Vi will follow the output voltage directly, i.e.* in 
phase. Therefore the voltage appearing at the non-inverting 
input is effectively positive feedback and the circuit may os- 
cillate. If there were only one device to worry about then the 
values of Ri and R 2 would probably be small enough to be 
ignored; however, several devices normally comprise a total 
system. Any ground return of a separate device, whose out- 
put is in phase, can feedback in a similar manner and cause 
instabilities. Out of phase ground loops also are trouble- 
some, causing unexpected gain and phase errors. 

The solution to most ground loop problems is to always use 
a single-point ground system, although this is sometimes 
impractical. The third figure above is an example of a single- 
point ground system. < 

The single-point ground concept should be applied rigorous- 
ly to all components and all circuits when possible. Viola- 
tions of single-point grounding are most common among 
printed circuit board designs, since the circuit is surrounded 
by large ground areas which invite the temptation to run a 
device to the closest ground spot. As a final rule, make all 
ground returns low resistance and low inductance by using 
large wire and wide traces. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 


leads are long. The problem can be eliminated by placing a 
small capacitor, Cc, (on the order of 50 pF^500 pF) across 
the LM3875 input terminals. Refer to the External Compo- 
nents Description section relating to component interac- 
tion with Cf. 

REACTIVE LOADING 

It is hard for most power amplifiers to drive highly capacitive 
loads very effectively and normally results in oscillations or 
ringing on the square wave response. If the output of the 
LM3875 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.2 ju,F. If highly ca- 
pacitive loads are expected due to long speaker cables, a 
method commonly employed to protect amplifiers from low 
impedances at high frequencies is to couple to the load 
through a 1011 resistor in parallel with a 0.7 ju,H inductor. 
The inductor-resistor combination as shown in the Typical 
Application Circuit isolates the feedback amplifier from the 
load by providing high output impedance at high frequencies 
thus allowing the lOfl resistor to decouple the capacitive 
load and reduce the Q of the series resonant circuit. The LR 
combination also provides low output impedance at low fre- 
quencies thus shorting out the 1011 resistor and allowing the 
amplifier to drive the series RC load (large capacitive load 
due to long speaker 1 cables) directly. 
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Application Information (Continued) 

GENERALIZED AUDIO POWER AMPLIFIER DESIGN 

The system designer usually knows some of the following 
parameters when starting an audio amplifier design: 

Desired Power Output Input Level 

Input Impedance Load Impedance 

Maximum Supply Voltage Bandwidth 

The power output and load impedance determine the power 
supply requirements, however, depending upon the applica- 
tion some system designers may be limited to certain maxi- 
mum supply voltages. If the designer does have a power 
supply limitation, he should choose a practical load imped- 
ance which would allow the amplifier to provide the desired 
output power, keeping in mind the current limiting capabili- 
ties of the device. In any case, the output signal swing and 
Current are found from (where Pq is the average output 
power): 

Vopeak = V2 R L Po (D 

Weak = V(2 P 0 )/R U (2) 

To determine the maximum supply voltage the following pa- 
rameters must be considered. Add the dropout voltage 
(5 volts for LM3875) to the peak output swing, V opea k, to get 
the supply rail value, (i.e. + V opea k + Vod) at a current of 
•opeak)- The regulation of the supply determines the unload- 
ed voltage, usually about 15% higher. Supply voltage will 
also rise 10% during high line conditions. Therefore, the 
maximum supply voltage is obtained from the following 
equation: 

max. supplies ~ ± (V opea k + Vod(1 + regulation)(1.1) (3) 
The input sensitivity and the output power specs determine 
the minimum required gain as depicted below: 

Av ^ fr/Po^L )/(V|N) = Vorms/Vjnrms (4) 
Normally the gain is set between 20 and 200; for a 40W, 8ft 
audio amplifier this results in a sensitivity of 894 mV and 
89 mV, respectively. Although higher gain amplifiers provide 
greater output power and dynamic headroom capabilities, 
there are certain shortcomings that go along with the so 
called “gain”, The input referred noise floor is increased 
and hence the SNR is worse. With the increase in gain, 
there is also a reduction of the power bandwidth which re- 
sults in a decrease in feedback thus not allowing the amplifi- 
er to respond as quickly to nonlinearities. This decreased 
ability to respond to nonlinearities increases the THD + N 
specification. 

The desired input impedance is set by Rin. Very high values 
can cause board layout problems and DC offsets at the out- 
put. The value for the feedback resistance, Rf i , should be 
chosen to be a relatively large value (10 kft-100 kft), and 
the other feedback resistance, Ri, is calculated using stan- 
dard op amp configuration gain equations. Most audio am- 
plifiers are designed from the non-inverting amplifier config- 
uration. 


DESIGN A 40W/8ft AUDIO AMPLIFIER 

Given: 

Power Output 40W 

Load Impedance 8ft 

Input Level 1V( max ) 

Input Impedance lOOkft 

Bandwidth 20 Hz-20 kHz ±0.25 dB 

Equation (1) and (2) give: 

40W/8ft V op e a k = 25.3V l 0 peak = 3.16A 
Therefore the supply required is: ± 30.3V @3.1 6A 
With 1 5% regulation and high line the final supply voltage is 
± 38.3V using equation (3>. At this point it is a good idea to 
check the Power Output vs Supply Voltage to ensure that 
the required output power is obtainable from the device 
while maintaining low THD + N. It is also good to check the 
Power Dissipation vs Supply Voltage to ensure that the de- 
vice can handle the internal power dissipation. At the same 
time designing in a relatively practical sized heat sink with a 
low thermal resistance is also important. Refer to Typical 
Performance Characteristics graphs and the Thermal 
Considerations section for more information. 

The minimum gain from equation (4) is: Av ^ 18 
We select a gain of 21 (Non-Inverting Amplifier); resulting in 
a sensitivity of 894 mV. 

Letting Rin equal 100 kft gives the required input imped- 
ance, however, this would eliminate the “volume control” 
unless an additional input impedance was placed in series 
with the 10 kft potentiometer that is depicted in Figure 1. 
Adding the additional 100 kft resistor would ensure the min- 
imum required input impedance. 

For low DC offsets at the output we let Rfi = 100 kft. 
Solving for Ri (Non-Inverting Amplifier) gives the following: 

Ri = R f1 /(A V - 1) = 100k/(21 - 1) = 5 kft; use 5.1 kft 
The bandwidth requirement must be stated as a pole, i.e., 
the 3 dB frequency. Five times away from a pole give 
0.17 dB down, which is better than the required 0.25 dB. 
Therefore: 

f L = 20 Hz/5 = 4 HZ 
f H = 20 kHz X 5 = 100 kHz 

At this point, it is a good idea to ensure that the Gain Band- 
width Product for the part will provide the designed gain out 
to the upper 3 dB point of 1 00 kHz. This is why the minimum 
GBWP of the LM3875 is important. 

GBWP = A v X f3dB = 21 X 100kHz = 2.1 MHz 
GBWP = 2.0 MHz (min) for LM3875 
Solving for the low frequency roll-off capacitor, Qi, we have: 
Ci > 1 /(2 t t Ri f L ) == 7.8 juF; use 1 0 jixF. 
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Definition of Terms 

Input Offset Voltage: The absolute, value of the voltage 
which must be applied between the input terminals through 
two equal resistances to obtain zero output voltage and cur- 
rent. 

Input Bias Current: The absolute value of the average of 
the two input currents with the output voltage and current at 
zero. 

Input Offset Current: The absolute value of the difference 
in the two input currents with the output voltage and current 
at zero. 

Input Common-Mode Voltage Range (or Input Voltage 
Range): The range of voltages on the input terminals for 
which the amplifier is operational. Note that the specifica- 
tions are not guaranteed over the full common-mode volt- 
age range unless specifically stated. 

Common-Mode Rejection: The ratio of the input common- 
mode voltage range to the peak-to-peak change in input 
offset voltage over this range. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Quiescent Supply Current: The current required from the 
power supply to operate the amplifier with no load and the 
output voltage and current at zero. 

Slew Rate: The internally limited rate of change in output 
voltage with a large amplitude step function applied to the 
input. 

Class B Amplifier: the most common type of audio power 
amplifier that consists of two output devices each of which 
conducts for 180° of the input cycle. The LM3875 is a 
Quasi-AB type amplifier. 

Crossover Distortion: Distortion caused in the output 
stage of a class B amplifier. It can result from inadequate 
bias current providing a dead zone where the output does 
not respond to the input as the input cycle goes through its 
zero crossing point. Also for ICs an inadequate frequency 
response of the output PNP device can cause a turn-on 
delay giving crossover distortion on the negative going tran- 
sition through zero crossing at the higher audio frequen- 
cies. 

THD + N: Total Harmonic Distortion plus Noise refers to 
the measurement technique in which the fundamental com- 
ponent is removed by a bandreject (notch) filter and all re- 
maining energy is measured including harmonics arid noise. 
Signal-to-Noise Ratio: The ratio of a system’s output signal 
level to the system’s output noise level obtained in the ab- 
sence of a signal. The Output reference signal is either 
specified or measured at a specified distortion level. 
Continuous Average Output Power: The minimum sine 
wave continuous average power output in watts (or dBW) 
that can be delivered into the rated load, over the rated 
bandwidth, at the rated maximum total harmonic distortion. 
Music Power: A measurement of the peak output power 
capability of an amplifier with either a signal duration suffi- 
ciently short that the amplifier power supply does not sag 
during the measurement, or when high quality external pow- 
er supplies are used. This measurement (an IHF standard) 
assumes that with normal music program material the ampli- 
fier power supplies will sag insignificantly. 

Peak Power: Most commonly referred to as the power out- 
put capability of an amplifier that can be delivered to the 
load; specified by the part’s maximum voltage swing. 


Headroom: The margin between an actual signal operating 
level (usually the power rating of the amplifier with particular 
supply voltages, a rated load value, and a rated THD + N 
figure) and the level just before clipping distortion occurs, 
expressed in decibels. 

Large Signal Voltage Gain: The ratio of the output voltage 
swing to the differential input voltage required to drive the 
output from zero to either swing limit. The Output swing limit 
is the supply voltage less a specified quasi-saturation volt- 
age. A pulse of short enough duration to minimize thermal 
effects is used as a measurement signal. 

Output-Current Limit: The output Current with a fixed out- 
put voltage and a large input overdrive. The limiting current 
drops with time once SPike protection circuitry is activated. 
Output Saturation Threshold (Clipping Point): The output 
swing limit for a specified input drive beyond that required 
for zero output. It is measured with respect to the supply to 
which the output is swinging. 

Output Resistance: The ratio of the change in output volt- 
age to the change in output current with the output around 
zero. 

Power Dissipation Rating: The power that can be dissipat- 
ed for a specified time interval without activating the protec- 
tion circuitry. For time intervals jn excess of 100 ms, dissipa- 
tion capability is determined by heat sinking of the 1C pack- 
age rather than by the 1C itself. 

Thermal Resistance: The peak, junction-temperature rise, 
per unit of internal power dissipation (units in °C/W), above 
the case temperature as measured at the center of the 
package bottom. 

The DC thermal resistance applies when one output transis- 
tor is operating continuously. The AC thermal resistance ap- 
plies with the output transistors conducting alternately at a 
high enough frequency that the peak capability of neither 
transistor is exceeded. 

Power Bandwidth: The power bandwidth of an audio am- 
plifier is the frequency range over which the amplifier volt- 
age gain does not fall below 0.707 of the flat band voltage 
gain specified for a given load and output power. 

Power bandwidth also can be measured by the frequencies 
at which a specified level of distortion is obtained while the 
amplifier delivers a power output 3 dB below the rated out- 
put. For example, an amplifier rated at 60W with ^0.25% 
THD + N, would make its power bandwidth measured as 
the difference between the upper and lower frequencies at 
which 0.25% distortion was obtained while the amplifier was 
delivering 30W. 

Gain-Bandwidth Product: The Gain-Bandwidth Product is 
a way of predicting the high-frequency usefulness of an op 
amp. The Gain-Bandwidth Product is sometimes called the 
unity-gain frequency or unity-gain cross frequency because 
the open-loop gain characteristic passes through or crosses 
unity gain at this frequency. Simply, we have the following 
relationship: 

AcLI X fi = A C L2 X f2 
Assuming that at unity-gain 

(Acli = 1 or 0 dB) fu = h = GBWP, 
then we have the following: 

GBWP = A C l 2 X f 2 
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Definition of Terms (Continued) 

C.C.I.R./A.R.M.: 

Literally: International Radio Consultative Committee 
Average Responding Meter 

This refers to a weighted noise measurement for a Dolby B 
type noise reduction system. A filter characteristic is used 
that gives a closer correlation of the measurement with the 
subjective annoyance of noise to the ear. Measurements 
made with this filter cannot necessarily be related to un- 
weighted noise measurements by some fixed conversion 
factor since the answers obtained will depend on the spec- 
trum of the noise source. 

S.P.L.: Sound Pressure Level — usually measured with a mi- 
crophone/meter combination calibrated to a pressure level 
of 0.0002 jaBars (approximately the threshold hearing level). 

S.P.L. - 20 Log 1 0P/0.0002 dB 
Where P is the R.M.S sound pressure in microbars. 
(1 Bar = 1 atmosphere = 14.5 Ib./in2 = 194 dB S.P.L). 



TL/H/1 1449-14 


This says that once fu (GBWP) is known for an amplifier, 
then the open-loop gain can be found at any frequency. This 
is also an excellent equation to determine the 3 dB point of 
a closed-loop gain, assuming that you know the GBWP of 
the device. Refer to the diagram below. 

Bi-amplification: The technique of splitting the audio fre- 
quency spectrum into two sections and using individual 
power amplifiers to drive a separate woofer and tweeter. 
Crossover frequencies for the amplifiers usually vary be- 
tween 500 Hz and 1600 Hz. “Biamping” has the advan- 
tages of allowing smaller power amps to produce a given 
sound pressure level and reducing distortion effects pro- 
duced by overdrive in one part of the frequency spectrum 
affecting the other part. 



1-139 


LM3875 




LM3876 



Na t ion a l 


Semiconductor 


LM3876 O'VG'FtUirG Audio Power Amplifier Series 

High-Performance 56W Audio Power Amplifier w/Mute 


General Description 

The LM3876 is a high-performance audio power amplifier 
capable of delivering 56W of continuous average power to 
an 8a load with 0.1 % (THD + N) from 20 Hz-20 kHz. 

The performance of the LM3876, utilizing its Self Peak In- 
stantaneous Temperature (TKe) (SPiKeTM) Protection Cir- 
cuitry, puts it in a class above discrete and hybrid amplifiers 
by providing an inherently, dynamically protected Safe Op- 
erating Area (SOA). SPiKe Protection means that these 
parts are completely safeguarded at the output against 
overvoltage, undervoltage, overloads, including shorts to 
the supplies, thermal runaway, and instantaneous tempera- 
ture peaks. 

The LM3876 maintains an excellent Signal-to-Noise Ratio of 
greater than 95 dB(min) with a typical low noise floor of 
2.0 juV. It exhibits extremely low (THD + N) values of 
0.06% at the rated output into the rated load over the audio 
spectrum, and provides excellent linearity with an IMD 
(SMPTE) typical rating of 0.004%. 


Features 

■ 56W continuous average output power into 8fl 

■ 100W instantaneous peak output power capability 

■ Signal-to-Noise Ratio ^ 95 dB(min) 

■ An input mute function 

■ Output protection from a short to ground or to the sup- 
plies via internal current limiting circuitry 

■ Output over-voltage protection against transients from 
inductive loads 

■ Supply under-voltage protection, not allowing internal 
biasing to occur when |VeeI + |Vcd ^ 12V, thus elimi- 
nating turn-on and turn-off transients 

■ 11 -lead TO-220 package 

Applications 

■ Component stereo 

■ Compact stereo 

■ Self-powered speakers 

■ Surround-sound amplifiers 

■ High-end stereo TVs 


Typical Application 


Connection Diagram 


V+ 



Plastic Package (Note 8) 



Order Number LM3876T 
or LM3876TF 

See NS Package Number TA11B for 
Staggered Lead Non-lsolated 
Package or TF11B for 
Staggered Lead Isolated Package 

tConnect Pin 5 to V+ for Compatibility with 
LM3886. 


TL/H/1 1832-1 

FIGURE 1. Typical Audio Amplifier Application Circuit 

•"Optional components dependent upon specific design requirements. Refer to the External Compo- 
nents Description section for a component functional description. 
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Absolute Maximum Ratings (Notes i,2) 

If Military /Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales T Package (10 seconds) 260°C 

Office/Distributors for availability and specifications. Storage Temperature - 40°C to + 1 50°C 

Supply Voltage |V + 1 + |V~ | (No Signal) 94V Thermal Resistance 

Supply Voltage |V + 1 + |V~| (Input Signal) 84V 0 JC 1°C/W 

Common Mode Input Voltage (V + orV~)and ^JA 43°C/W 

|V+| + |V-|^80V 

Differential Input Voltage 60V Op6r3tlllf| RStlllflS (Notes 1,2) 

Output Current Internally Limited Temperature Range 

_ . .. ... . . o«r» * / Tmin Ta <; Tmax — 20°C ^ Ta +85°C 

Power Dissipation (Note 3) 125W MIIN M M , , , A 

ESD Susceptibility (Note 4) 3000V Supply Voltage |V+| + |V~| 24Vto84V 

Note: Operation is guaranteed up to 84V, however, distortion may be intro- 
Junction Temperature (Note 5) 1 50°C duced from SPiKe Protection Circuitry when operating above 70V if 

proper thermal considerations are not taken into account. Refer to the 
Thermal Considerations section for more information. 

(See SPiKe Protection Response) 

Electrical Characteristics (Notes I, 2) The following specifications apply for V+ = +35V, V- = -35V, 
Imute = “0.5 mA with R|_ = 8H unless otherwise specified. Limits apply for T/\ = 25°C. 

Symbol 

Parameter 

Conditions 

LM3876 

Units 

(Limits) 

Typical 
(Note 6) 

Limit 
(Note 7) 

|V+| + |v | 

Power Supply Voltage (Note 1 0) 

V pin7 - V- ^ 9V 

18 

24 

84 

V (min) 

V (max) 

Am 

Mute Attenuation 

Pin 8 Open or at 0V, Mute: On 

Current out of Pin 8 > 0.5 mA, 

Mute: Off 

120 

80 

dB (min) 

•*p 0 

Output Power (Continuous Average) 

THD + N = 0.1% (max) 
f = 1 kHz; f = 20 kHz 

56 

40 

W (min) 

Peak Pq 

Instantaneous Peak Output Power 


100 


W 

THD + N 

Total Harmonic Distortion Plus Noise 

40 W, 20 Hz ^ f ^ 20 kHz 

A v = 26 dB 

0.06 


% 

**SR 

Slew Rate (Note 9) 

V| N = 1.2 Vrms,f = 10 kHz, 

Square-Wave, R|_ = 2 kfl 

11 

5 

V/jlis (min) 

*1 + 

Total Quiescent Power Supply Current 

V C M = 0V, V 0 = 0V, l 0 = 0A, l mute = 0A 

30 

70 

mA (max) 

< 

o 

CO 

Input Offset Voltage 

V C M = 0V, l 0 = 0 mA 

1 

15 

mV (max) 

•b 

Input Bias Current 

V C M = 0V, l 0 = 0 mA 

0.2 

1 

ju,A (max) 

•os 

Input Offset burrent 

Vqm = 0V, l 0 = 0 mA 

0.01 

0.2 

(xA (max) 

lo 

Output Current Limit 

|V+| = |V-| = 12V, toN “ 1 0 ms, Vo = OV 

6 

4 

A (min) 

*V od 

Output Dropout Voltage (Note 11) 

|v+-v 0 |,v+ = 20V, l 0 = + 100 mA 

|Vo-V-|,V- = -20V, l 0 = -100 mA 

1.6 

2.7 

5 

5 

V (max) 

V (max) 

*PSRR 

Power Supply Rejection Ratio 

v+ = 40V to 20V, V- = -40V, 

V C M = 0V, l 0 = 0 mA 

V+ = 40V, V- = -40V to -20V, 

V C M = 0V, l o = 0mA 

120 

120 

85 

85 

dB (min) 

dB (min) 

*DC Electrical Test; refer to Test Circuit #1. 

**AC Electrical Test; refer to Test Circuit #2. 
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Electrical Characteristics (Notes 1,2) , k r 

The following specifications apply for V+ = + 35V, V~ = -35V, Imute = -0.5 mA with R L = 8ft unless otherwise specified. 
Limits apply for Ta = 25°C. (Continued) 


Symbol 

Parameter 

Conditions 

LM3876 

Units 

(Limits) 

Typical 
(Note 6) 

Limit 
(Note 7) 

*CMRR 

Common Mode Rejection Ratio 

V+ = 60V to 20V, V- = -20V to -60V, 

V CM = 20V to -20V, l 0 = 0 mA 

120 

80 

dB (min) 

*A V ol 

Open Loop Voltage Gain 

|V+| = |V^| = 40V, R L =■ 2 kft, AV 0 = 60V 

120 

90 

dB (min) 

GBWP 

Gain-Bandwidth Product 

|V + | = |V 1 = 40V 

to = 100 kHz, V|n = 50 mVrms 

8 

2 

MHz (min) 

** e IN 

Input Noise 

IHF — A Weighting Filter 

RiN = 600ft (Input Referred) 

2.0 

8 

jaV (max) 

SNR 

Signal-to-Noise Ratio 

Po = 1W, A-Weighted, 

Measured at 1 kHz, R§ = 25ft 

98 


dB 



Pq = 40W, A-Weighted, 

Measured at 1 kHz, Rs = 25 ft 

114 


dB 



Ppk= 100W, A-Weighted, 

Measured at 1 kHz, Rs = 25ft 

122 


dB 

IMD 

Intermodulation Distortion Test 

60 Hz, 7 kHz, 4:1 (SMPTE) 

60 Hz, 7 kHz, 1:1 (SMPTE) 

0.004 

0.006 


% 


*DC Electrical Test; refer to Test Circuit # 1 . 

"""AC Electrical Test; refer to Test Circuit #2. 

Note 1: All voltages are measured with respect to the GND pin (pin 7), unless otherwise specified. 

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 

Note 3: For operating at case temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance of 
0jc =1.0 °C/W (junction to case). Refer to the Thermal Resistance figure in the Application Information section under Thermal Considerations. 

Note 4: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 5: The operating junction , temperature maximum is 150°C, however, the instantaneous Safe Operating Area temperature is 250°C. 

Note 6: Typicals are measured at 25°C and represent the parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The LM3876T package TA11B is a non-isolated package, setting the tab of the device and the heat sink at V~ potential when the LM3876 is directly 
mounted to the heat sink using only thermal compound. If a mica washer is used in addition to thermal compound, #cs (case to sink) is increased, but the heat sink 
will be isolated from V - . 

Note 9: The feedback compensation network limits the bandwidth of the closed-loop response and so the slew rate will be reduced due to the high frequency roll- 
off. Without feedback compensation, the slew rate is typically 16V/ju,s. 

Note 10: V~ must have at least -9V at its pin with reference to ground in order for the under-voltage protection circuitry to be disabled. 

Note 11: The output dropout voltage is the supply voltage minus the clipping voltage. Refer to the Clipping Voltage vs Supply Voltage graph in the Typical 
Performance Characteristics section. 
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Single Supply Application Circuit 

v+ 



TL/H/ 11832-5 

FIGURE 2. Typical Single Supply Audio Amplifier Application Circuit 

’Optional components dependent upon specific design requirements. Refer to the External 
Components Description section for a component functional description. 


Equivalent Schematic (excluding active protection circuitry) 


v+ 



TL/H/1 1832-6 
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External Components Description (< Figures 1 and 2) 


Components 

Functional Description 

1 . 

r in 

Acts as a volume control by setting the voltage level allowed to the amplifier’s input terminals. 

2. 

Ra 

Provides DC voltage biasing for the single supply operation and bias current for the positive input 
terminal. 

3. 

Ca 

Provides bias filtering. 

4. 

C 

Provides AC coupling at the input and output of the amplifier for single supply operation. 

5. 

Rb 

Prevents currents from entering the amplifier’s non-inverting input which may be passed through to 
the load upon power-down of the system due to the low input impedance of the circuitry when the 
under-voltage circuitry is off. This phenomenon occurs when the supply voltages are below 1 .5V. 

6. 

*c c 

Reduces the gain (bandwidth of the amplifier) at high frequencies to avoid quasi-saturation 
oscillations of the output transistor. The capacitor also suppresses external electromagnetic 
switching noise created from fluorescent lamps. 

7. 

Ri 

Inverting input resistance to provide AC Gain in conjunction with Rf|. 

8. 

*Ci 

Feedback capacitor. Ensures unity gain at DC. Also a low frequency pole (highpass roll-off) at: 
f c = 1/(27rRiCi) 

9. 

Rfi 

Feedback resistance to provide AC Gain in conjunction with Ri. 

10. 

*Rf2 

At higher frequencies feedback resistance works with Cf to provide lower AC Gain in conjunction 
with Rfi and Ri. A high frequency pole (lowpass roll-off) exists at: 
fc = [Rfi Rf 2 (s + 1/Rf 2 C f )]/[(Rfi + R f2 )(s + 1 /C f (Rfi + R f2 ))] 

11. 

*Cf 

Compensation capacitor that works with Rfi and Rf 2 to reduce the AC Gain at higher frequencies. 

12. 

Rm 

Mute resistance set up to allow 0.5 mA to be drawn from pin 8 to turn the muting function off. 

— > Rm is calculated using: Rm ^ (|VeeI - 2.6V)/I8 where 18 ^ 0.5 mA. Refer to the Mute 
Attenuation vs Mute Current curves in the Typical Performance Characteristics section. 

13. 

Cm 

Mute capacitance set up to create a large time constant for turn-on and turn-off muting. 

14. 

*Rsn 

Works with Csn to stabilize the output stage by creating a pole that eliminates high frequency 
oscillations. 

15. 

* c sn 

Works with Rsn to stabilize the output stage by creating a pole that eliminates high frequency 
oscillations. 

f c = 1 /(27 tRsnCsn) 

16. 

*L 

Provides high impedance at high frequecies so that R may decouple a highly capacitive load 

17. 

*R 

and reduce the Q of the series resonant circuit due to capacitive load. Also provides a low 
impedance at low frequencies to short out R and pass audio signals to the load. 

18. 

c s 

Provides power supply filtering and bypassing. 

19. 

SI 

Mute switch that mutes the music going into the amplifier when opened. 


•Optional components dependent upon specific design requirements. Refer to the Application Information section for more information. 

OPTIONAL EXTERNAL COMPONENT INTERACTION 


Although the optional external components have specific desired functions that are designed to reduce the bandwidth and 
eliminate unwanted high frequency oscillations they may cause certain undesirable effects when they interact. Interaction may 
occur for components whose reactances are in close proximity to one another. One example would be the coupling capacitor, 
Cc, and the compensation capacitor, Cf. These two components act as low impedances to certain frequencies which will couple 
signals from the input to the output. Please take careful note of basic amplifier component functionality when designing in these 
components. 

The optional external components shown in Figure 2 and described above are applicable in both single and split voltage supply 
configurations. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 
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Application Information 

GENERAL FEATURES 

Mute Function: The muting function of the LM3876 allows 
the user to mute the music going into the amplifier by draw- 
ing less than 0.5 mA out of pin 8 of the device. This is 
accomplished as shown in the Typical Application Circuit 
where the resistor Rm is chosen with reference to your neg- 
ative supply voltage and is used in conjuction with a switch. 
The switch (when opened) cuts off the current flow from 
pin 8 to V - , thus placing the LM3876 into mute mode. Refer 
to the Mute Attenuation vs Mute Current curves in the Typi- 
cal Performance Characteristics section for values of at- 
tenuation per current out of pin 8. The resistance Rm is 
calculated by the following equation: 

Rm (|VeeI - 2.6V)/I8 where 18 2: 0.5 mA. 

Under-Voltage Protection: Upon system power-up the un- 
der-voltage protection circuitry allows the power supplies 
and their corresponding caps to come up close to their full 
values before turning on the LM3876 such that no DC out- 
put spikes occur. Upon turn-off, the output of the LM3876 is 
brought to ground before the power supplies such that no 
transients occur at power-down. 

Over-Voltage Protection: The LM3876 contains overvolt- 
age protection circuitry that limits the output current to ap- 
proximately 6Apeak while also providing voltage clamping, 
though not through internal clamping diodes. The clamping 
effect is quite the same, however, the output transistors are 
designed to work alternately by sinking large current spikes. 
SPiKe Protection: The LM3876 is protected from instanta- 
neous peak-temperature stressing by the power transistor 
array. The Safe Operating Area graph in the Typical Per- 
formance Characteristics section shows the area of de- 
vice operation where the SPiKe Protection Circuitry is not 
enabled. The waveform to the right of the SOA graph exem- 
plifies how the dynamic protection will cause waveform dis- 
tortion when enabled. 

Thermal Protection: The LM3876 has a sophisticated ther- 
mal protection scheme to prevent long-term thermal stress 
to the device. When the temperature on the die reaches 
165°C, the LM3876 shuts down. It starts operating again 
when the die temperature drops to about 1 55°C, but if the 
temperature again begins to rise, shutdown will occur again 
at 165°C. Therefore the device is allowed to heat up to a 
relatively high temperature if the fault condition is tempo- 
rary, but a sustained fault will cause the device to cycle in a 
Schmitt Trigger fashion between the thermal shutdown tem- 
perature limits of 165°C and 155°C. This greatly reduces the 
stress imposed on the 1C by thermal cycling, which in turn 
improves its reliability under sustained fault conditions. 
Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen as discussed in 
the Thermal Considerations section, such that thermal 
shutdown will not be reached during normal operation. Us- 


ing the best heat sink possible within the cost and space 
constraints of the system will improve the long-term reliabili- 
ty of any power semiconductor device. 

THERMAL CONSIDERATIONS 
Heat Sinking 

The choice of a heat sink for a high-power audio amplifier is 
made entirely to keep the die temperature at a level such 
that the thermal protection circuitry does not operate under 
normal circumstances. The heat sink should be chosen to 
dissipate the maximum 1C power for a given supply voltage 
and rated load. 

With high-power pulses of longer duration than 100 ms, the 
case temperature will heat up drastically without the use of 
a heat sink. Therefore the case temperature, as measured 
at the center of the package bottom, is entirely dependent 
on heat sink design and the mounting of the 1C to the heat 
sink. For the design of a heat sink for your audio amplifier 
application refer to the Determining The Correct Heat 
Sink section. 

Since a semiconductor manufacturer has no control over 
which heat sink is used in a particular amplifier design, we 
can only inform the system designer of the parameters and 
the method needed in the determination of a heat sink. With 
this in mind, the system designer must choose his supply 
voltages, a rated load, a desired output power level, and, 
know the ambient temperature surrounding the device. 
These parameters are in addition to knowing the maximum 
junction temperature and the thermal resistance of the 1C, 
both of which are provided by National Semiconductor. 

As a benefit to the system designer we have provided Maxi- 
mum Power Dissipation vs Supply Voltages curves for vari- 
ous loads in the Typical Performance Characteristics 
section, giving an accurate figure for the maximum thermal 
resistance required for a particular amplifier design. This 
data was based on 0 jc - 1°C/W and 0cs = 0.2°C/W. We 
also provide a section regarding heat sink determination for 
any audio amplifier design where 0cs may be a different 
value. It should be noted that the idea behind dissipating the 
maximum power within the 1C is to provide the device with a 
low resistance to convection heat transfer such as a heat 
sink. Therefore, it is necessary for the system designer to be 
conservative in his heat sink calculations. As a rule, the low- 
er the thermal resistance of the heat sink the higher the 
amount of power that may be dissipated. This is of course 
guided by the cost and size requirements of the system. 
Convection cooling heat sinks are available commercially, 
and their manufacturers should be consulted for ratings. 
Proper mounting of the 1C is required to minimize the ther- 
mal drop between the package and the heat sink. The heat 
sink must also have enough metal under the package to 
conduct heat from the center of the package bottom to the 
fins without excessive temperature drop. 
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Application Information (Continued) 

A thermal grease such as Wakefield type 1 20 or Thermalloy 
Thermacote should be used when mounting the package to 
the heat sink. Without this compound, thermal resistance 
will be no better than 0.5°C/W, and probably much worse. 
With the compound, thermal resistance will be 0.2°C/W or 
less, assuming under 0.005 inch combined flatness runout 
for the package and heat sink. Proper torquing of the 
mounting bolts is important and can be determined from 
heat sink manufacturer’s specification sheets. 

Should it be necessary to isolate V“ from the heat sink, an 
insulating washer is required. Hard washers like beryluum 
oxide, anodized aluminum and mica require the use of ther- 
mal compound on both faces. Two-mil mica washers are 
most common, giving about 0.4°C/W interface resistance 
with the compound. 

Silicone-rubber washers are also available. A 0.5°C/W ther- 
mal resistance is claimed without thermal compound. Expe- 
rience has shown that these rubber washers deteriorate and 
must be replaced should the 1C be dismounted. 
Determining Maximum Power Dissipation 
Power dissipation within the integrated circuit package is a 
very important parameter requiring a thorough understand- 
ing if optimum power output is to be obtained. An incorrect 
maximum power dissipation (Pq) calculation may result in 
inadequate heat sinking, causing thermal shutdown circuitry 
to operate and limit the output power. 

The following equations can be used to acccurately calcu- 
late the maximum and average integrated circuit power dis- 
sipation for your amplifier design, given the supply voltage, 
rated load, and output power. These equations can be di : 
rectly applied to the Power Dissipation vs Output Power 
curves in the Typical Performance Characteristics sec- 
tion. 

Equation (1 ) exemplifies the maximum power dissipation of 
the 1C and equations (2) and (3) exemplify the average 1C 
power dissipation expressed in different forms. 

PdMAX = Vcc 2 /2^ 2 R L (1) 

where Vcc is the total supply voltage 

PdAVE = (Vopk/RL)[Vcc/^ - V 0pk /2] (2) 

where Vcc is the total supply voltage and Vo pk = Vcc/tt 
PdAVE = Vcc Vo pk /^RL - Vo pk 2 /2R L (3) 

where Vcc is the total supply voltage. 

Determining the Correct Heat Sink 
Once the maximum 1C power dissipation is known for a giv- 
en supply voltage, rated load, and the desired rated output 
power the maximum thermal resistance (in °C/W) of a heat 


sink can be calculated. This calculation is made using equa- 
tion (4) and is based on the fact that thermal heat flow pa- 
rameters are analogous to electrical current flow properties. 
It is also known that typically the thermal resistance, 0 jq 
( junction to case), of the LM3876 is 1°C/W and that using 
Thermalloy Thermacote thermal compound provides a ther- 
mal resistance, 0cs (case to heat sink), of about 0.2°C/W 
as explained in the Heat Sinking section. 

Referring to the figure below, it is seen that the thermal 
resistance from the die (junction) to the outside air (ambient) 
is a combination of three thermal resistances, two of which 
are known, 0jq and 0cs- Since convection heat flow (power 
dissipation) is analogous to current flow, thermal resistance 
is analogous to electrical resistance, and temperature drops 
are analogous to voltage drops, the power dissipation out of 
the LM3876 is equal to the following: 

PDMAX = (Tjmax — TAmbK #JA 
where 0ja — 0jc + 0cs + #sa 

T)max ^Amb 

•“AAAr-*-WSr-*-AAAr-« 

0 JC 0 CS 
P DMAX 

• wv • 

0 JA 

TL/H/1 1832-12 

But since we know Pdmax. 0jc> and 0sc for the application 
and we are looking for 0 sa» we have the following: 

0SA = [(Tjmax “ T Am b) ~ PDMAX (0JC + ^CS)]/PdMAX (4) 
Again it must be noted that the value of 0sa is dependent 
upon the system designer’s amplifier application and its cor- 
responding parameters as described previously. If the ambi- 
ent temperature that the audio amplifier is to be working 
under is higher than the normal 25°C, then the thermal re- 
sistance for the heat sink, given all other things are equal, 
will need to be smaller. 

Equations (1) and (4) are the only equations needed in the 
determination of the maximum heat sink thermal resistance. 
This is of course given that the system designer knows the 
required supply voltages to drive his rated load at a particu- 
lar power output level and the parameters provided by the 
semiconductor manufacturer. These parameters are the 
junction to case thermal resistance, 0jc, Tj max = 150°C, 
and the recommended Thermalloy Thermacote thermal 
compound resistance, 0cs- 
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Application Information (Continued) 

SIGNAL-TO-NOISE RATIO 

In the measurement of the signal-to-noise ratio, misinterpre- 
tations of the numbers actually measured are common. One 
amplifier may sound much quieter than another, but due to 
improper testing techniques, they appear equal in measure- 
ments. This is often the case when comparing integrated 
circuit designs to discrete amplifier designs. Discrete tran- 
sistor amps often “run out of gain” at high frequencies and 
therefore have small bandwidths to noise as indicated be- 
low. 



FREQUENCY (Hz) 

TL/H/1 1832-13 

Integrated circuits have additional open loop gain allowing 
additional feedback loop gain in order to lower harmonic 
distortion and improve frequency response. It is this addi- 
tional bandwidth that can lead to erroneous signal-to-noise 
measurements if not considered during the measurement 
process. In the typical example above, the difference in 
bandwidth appears small on a log scale but the factor of 10 
in bandwidth, (200 kHz to 2 MHz) can result in a 10 dB 
theoretical difference in the signal-to-noise ratio (white 
noise is proportional to the square root of the bandwidth in a 
system). 

In comparing audio amplifiers it is necessary to measure the 
magnitude of noise in the audible bandwidth by using a 
“weighting” filter. 1 A “weighting” filter alters the frequency 
response in order to compensate for the average human 
ear’s sensitivity to the frequency spectra. The weighting fil- 
ters at the same time provide the bandwidth limiting as dis- 
cussed in the previous paragraph. 

In addition to noise filtering, differing meter types give differ- 
ent noise readings. Meter responses include: 

1. RMS reading, 

2. average responding, 

3. peak reading, and 

4. quasi peak reading. 

Although theoretical noise analysis is derived using true 
RMS based calculations, most actual measurements are 
taken with ARM (Average Responding Meter) test equip- 
ment. 

Reference 1: CCIR/ARM: A Practical Noise Measurement 
Method; by Ray Dolby, David Robinson and Kenneth Gun- 
dry, AES Preprint No. 1353 (F-3). 


Typical signal-to-noise figures are listed for an A-weighted 
filter which is commonly used in the measurement of noise. 
The shape of all weighting filters is similar, with the peak of 
the curve usually occurring in the 3 kHz-7 kHz region as 
shown below. 
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SUPPLY BYPASSING 

The LM3876 has excellent power supply rejection and does 
not require a regulated supply. However, to eliminate possi- 
ble oscillations all op amps and power op amps should have 
their supply leads bypassed with low-inductance capacitors 
having short leads and located close to the package termi- 
nals. Inadequate power supply bypassing will manifest itself 
by a low frequency oscillation known as “motorboating” or 
by high frequency instabilities. These instabilities can be 
eliminated through multiple bypassing utilizing a large tanta- 
lum or electrolytic capacitor (10 jutF or larger) which is used 
to absorb low frequency variations and a small ceramic ca- 
pacitor (0.1 juF) to prevent any high frequency feedback 
through the power supply lines. 

If adequate bypassing is not provided the current in the sup- 
ply leads which is a rectified component of the load current 
may be fed back into internal circuitry. This signal causes 
low distortion at high frequencies requiring that the supplies 
be bypassed at the package terminals with an electrolytic 
capacitor of 470 jutF or more. 

LEAD INDUCTANCE 

Power op amps are sensitive to inductance in the output 
lead, particularly with heavy capacitive loading. Feedback to 
the input should be taken directly from the output terminal, 
minimizing common inductance with the load. 

Lead inductance can also cause voltage surges on the sup- 
plies. With long leads to the power supply, energy is stored 
in the lead inductance when the output is shorted. This en- 
ergy can be dumped back into the supply bypass capacitors 
when the short is removed. The magnitude of this transient 
is reduced by increasing the size of the bypass capacitor 
near the 1C. With at least a 20 jliF local bypass, these volt- 
age surges are important only if the lead length exceeds a 
couple feet (> 1 jaH lead inductance). Twisting together the 
supply and ground leads minimizes the effect. 
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Application Information (Continued) 

LAYOUT, GROUND LOOPS AND STABILITY 

The LM3876 is designed to be stable when operated at a 
closed-loop gain of 10 or greater, but as with any other high- 
current amplifier, the LM3876 can be made to oscillate un- 
der certain conditions. These usually involve printed circuit 
board layout or output/input coupling. 

When designing a layout, it is important to return the load 
ground, the output compensation ground, and the low level 
(feedback and input) grounds to the circuit board common 
ground point through separate paths. Otherwise, large cur- 
rents flowing along a ground conductor will generate volt- 
ages on the conductor which can effectively act as signals 
at the input, resulting in high frequency oscillation or exces- 
sive distortion. It is advisable to keep the output compensa- 
tion components and the 0.1 jmF supply decoupling capaci- 
tors as close as possible to the LM3876 to reduce the ef- 
fects of PCB trace resistance and inductance. For the same 
reason, the ground return paths should be as short as possi- 
ble. 

In general, with fast, high-current circuitry, all sorts of prob- 
lems can arise from improper grounding which again can be 
avoided by returning all grounds separately to a common 
point. Without isolating the ground signals and returning the 
grounds to a common point, ground loops may occur. 
“Ground Loop” is the term used to describe situations oc- 
curring in ground systems where a difference in potential 
exists between two ground points. Ideally a ground is a 
ground, but unfortunately, in order for this to be true, ground 
conductors with zero resistance are necessary. Since real 
world ground leads possess finite resistance, currents run- 
ning through them will cause finite voltage drops to exist. If 
two ground return lines tie into the same path at different 
points there will be a voltage drop between them. The first 
figure below shows a cohimon ground example where the 
positive input ground and the load ground are returned to 
the supply ground point via the same wire. The addition of 
the finite wire resistance, R 2 , results in a voltage difference 
between the two points as shown below. 



The load current l|_ will be much larger than input bias cur- 
rent 1 1 , thus Vi will follow the output voltage directly, i.e. in 
phase. Therefore the voltage appearing at the non-inverting 
input is effectively positive feedback and the circuit may os- 
cillate. If there were only one device to worry about then the 
values of Ri and R 2 would probably be small enough to be 
ignored; however, several devices normally comprise a total 
system. Any ground return of a separate device, whose out- 
put is in phase, can feedback in a similar manner and cause 
instabilities. Out of phase ground loops also are trouble- 
some, causing unexpected gain and phase errors. 

The solution to most ground loop problems is to always use 
a single-point ground system, although this is sometimes 
impractical. The third figure below is an examplp of a single- 
point ground system. 

The single-point ground concept should be applied rigorous- 
ly to all components and all circuits when possible. Viola- 
tions of single-point grounding are most common among 
printed circuit board designs, since the circuit is surrounded 
by large ground areas which invite the temptation to run a 
device to the closest ground spot. As a final rule, make all 
ground returns low resistance and low inductance by using 
large wire and wide traces. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 
leads are long. The problem can be eliminated by placing a 
small capacitor, Cc, (on the order of 50 pF to 500 pF) 
across the LM3876 input terminals. Refer to the External 
Components Description section relating to component 
interaction with Cf. 

REACTIVE LOADING 

It is hard for most power amplifiers to drive highly capacitive 
loads very effectively and normally results in oscillations or 
ringing on the square wave response. If the output of the 
LM3876 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.2 juF. If highly ca- 
pacitive loads are expected due to long speaker cables, a 
method commonly employed to protect amplifiers from low 
impedances at high frequencies is to couple to the load 
through a 10ft resistor in parallel with a 0.7 jmH inductor. 
The inductor-resistor combination as shown in the Typical 
Application Circuit isolates the feedback amplifier from the 
load by providing high output impedance at high frequencies 
thus allowing the 10ft resistor to decouple the capacitive 
load and reduce the Q of the series resonant circuit. The LR 
combination also provides low output impedance at low fre- 
quencies thus shorting out the 1 0ft resistor and allowing the 
amplifier to drive the series RC load (large capacitive load 
due to long speaker cables) directly. 
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Application Information (Continued) 

GENERALIZED AUDIO POWER AMPLIFIER DESIGN 

The system designer usually knows some of the following 
parameters when starting an audio amplifier design: 

Desired Power Output Input Level 

Input Impedance Load Impedance 

Maximum Supply Voltage Bandwidth 

The power output and load impedance determine the power 
supply requirements, however, depending upon the applica- 
tion some system designers may be limited to certain maxi- 
mum supply voltages. If the designer does have a power 
supply limitation, he should choose a practical load imped- 
ance which would allow the amplifier to provide the desired 
output power, keeping in mind the current limiting capabili- 
ties of the device. In any case, the output signal swing and 
current are found from (where Po is the average output 
power): 

Vopeak “ >/2 R|_ Po (1) 

lopeak = V(2 PoK^L (2) 

To determine the maximum sypply voltage the following pa- 
rameters must be considered. Add the dropout voltage (5V 
for LM3876) to the peak output swing, V opea k, to get the 
supply rail value (i.e. ± (V ope ak + Vod) at a current of 
l 0 peak)* The regulation of the supply determines the unload- 
ed voltage, usually about 15% higher. Supply voltage will 
also rise 10% during high line conditions. Therefore, the 
maximum supply voltage is obtained from the following 
equation: 

Max. supplies ~ ± (V opea k + Vod)(1 + regulation)(1.1) (3) 
The input sensitivity and the output power specs determine 
the minimum required gain as depicted below: 

Ay ^(#oRT)/(V| N ) = 

Vorms/Vjnrms ^ 

Normally the gain is set between 20 and 200; for a 40W, 8n 
audio amplifier this results in a sensitivity of 894 mV and 
89 mV, respectively. Although higher gain amplifiers provide 
greater output power and dynamic headroom capabilities, 
there are certain shortcomings that go along with the so 
called “gain.”. The input referred noise floor is increased 
and hence the SNR is worse. With the increase in gain, 
there is also a reduction of the power bandwidth which re- 
sults in a decrease in feedback thus not allowing the amplifi- 
er to respond quickly enough to nonlinearities. This de- 
creased ability to respond to nonlinearities increases the 
THD + N specification. 

The desired input impedance is set by Rin. Very high values 
can cause board layout problems and DC offsets at the out- 
put. The value for the feedback resistance, Rfi, should be 
chosen to be a relatively large value (10 kn-100 kn), and 
the other feedback resistance, Ri, is calculated using stan- 
dard op amp configuration gain equations. Most audio am- 
plifiers are designed from the non-inverting amplifier config- 
uration. 


DESIGN A 40W/8O AUDIO AMPLIFIER 


Given: 

Power Output 40W 

Load Impedance 8fl 

Input Level IV(max) 

Input Impedance 100 kn 


Bandwidth 20 Hz-20 kHz ± 0.25 dB 

Equations (1) and (2) give: 

40W/8fl V op eak = 25.3V l opeak = 3.1 6A 
Therefore the supply required is: ± 30.3V @ 3.1 6A 
With 15% regulation and high line the final supply voltage is 
± 38.3V using equation (3). At this point it is a good idea to 
check the Power Output vs Supply Voltage to ensure that 
the required output power is obtainable from the device 
while maintaining low THD + N. It is also good to check the 
Power Dissipation vs Supply Voltage to ensure that the de- 
vice can handle the internal power dissipation. At the same 
time designing in a relatively practical sized heat sink with a 
low thermal resistance is also important. Refer to Typical 
Performance Characteristics graphs and the Thermal 
Considerations section for more information. 

The minimum gain from equation (4) is: Av ^ 18 

We select a gain of 21 (Non-Inverting Amplifier); resulting in 
a sensitivity of 894 mV. 

Letting Rin equal 100 k n gives the required input imped- 
ance, however, this would eliminate the “volume control” 
unless an additional input impedance was placed in series 
with the 1 0 kn potentiometer that is depicted in Figure 1. 
Adding the additional 100 kn resistor would ensure the ml- 
numum required input impedance. 

For low DC offsets at the output we let Rfi = 100 kn. 
Solving for Ri (Non-Inverting Amplifier) gives the following: 

Ri = R f1 /(A V - 1) = 100k/(21 - 1) = 5 kn; use 5.1 kn 
The bandwidth requirement must be stated as a pole, i.e., 
the 3 dB frequency. Five times away from a pole gives 
0.17 dB down, which is better than the required 0.25 dB. 
Therefore: 

f L = 20 Hz/5 = 4 Hz 

flH = 20 kHz X 5 = 100 kHz 

At this point, it is a good idea to ensure that the Gain-Band- 
width Product for the part will provide the designed gain out 
to the upper 3 dB point of 100 kHz. This is why the minimum 
GBWP of the LM3876 is important. 

GBWP :> A v X f3 dB = 21 X 100 kHz = 2.1 MHz 
GBWP = 2.0 MHz (min) for the LM3876 
Solving for the low frequency roll-off capacitor, Ci, we have; 
Ci ^ 1/(27 t Ri f|_) = 7.8 /xF; use 10 jtxF. 
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Definition of Terms 

Input Offset Voltage: The absolute value of the voltage 
which must be applied between the input terminals through 
two equal resistances to obtain zero output voltage and cur- 
rent. 

Input Bias Current: The absolute value of the average of 
the two input currents with the output voltage and current at 
zero. 

Input Offset Current: The absolute value of the difference 
in the two input currents with the output voltage and current 
at zero. 

Input Common-Mode Voltage Range (or Input Voltage 

Range): The range of voltages on the input terminals for 
which the amplifier is operational. Note that the specifica- 
tions are not guaranteed over the full common-mode volt- 
age range unless specifically stated. 

Common-Mode Rejection: The ratio of the input common- 
mode voltaige range to the peak-to-peak change in input 
offset voltage over this range. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Quiescent Supply Current: The current required from the 
power supply to operate the amplifier with no load and the 
output voltage and current at zero. 

Slew Rate: The internally limited rate of change in output 
voltage with a large amplitude step function applied to the 
input. 

Class B Amplifier: The most common type of audio power 
amplifier that consists of two output devices each of which 
conducts for 180° of the input cycle. The LM3876 is a 
Quasi-AB type amplifier. 

Crossover Distortion: Distortion caused in the output 
stage of a class B amplifier. It can result from inadequate 
bias current providing a dead zone where the output does 
not respond to the input as the input cycle goes through its 
zero crossing point. Also for ICs an inadequate frequency 
response of the output PNP device can cause a turn-on 
delay giving crossover distortion on the negative going tran- 
sition through zero crossing at the higher audio frequencies. 
THD + N: Total Harmonic Distortion plus Noise refers to 
the measurement technique in which the fundamental com- 
ponent is removed by a bandreject (notch) filter and all re- 
maining energy is measured including harmonics and noise. 
Signal-to-Noise Ratio: The ratio of a system’s output signal 
level to the system’s output noise level obtained in the ab- 
sence of a signal. The output reference signal is either 
specified 6r measured at a specified distortion level. 
Continuous Average Output Power: The minimum sine 
wave continuous average power output in watts (or dBW) 
that can be delivered into the rated load, over the rated 
bandwidth, at the rated maximum total harmonic distortion. 
Music Power: A measurement of the peak output power 
capability of an amplifier with either a signal duration suffi- 
ciently short that the amplifier power supply does not sag 
during the measurement, or when high quality external pow- 
er supplies are used. This measurement (an IHF standard) 
assumes that with normal music program material the ampli- 
fier power supplies will sag insignificantly. 

Peak Power: Most commonly referred to as the power out- 
put capability of an amplifier that can be delivered to the 
load; specified by the part’s maximum voltage swing. 


Headroom: The margin between an actual signal operating 
level (usually the power rating of the amplifier with particular 
supply voltages, a rated load value, and a rated THD + N 
figure) and the level just before clipping distortion occurs, 
expressed in decibels. 

Large Signal Voltage Gain: The ratio of the output voltage 
swing to the differential input voltage required to drive the 
output from zero to either swing limit. The output swing limit 
is the supply voltage less a specified quasi-saturation volt- 
age. A pulse of short enough duration to minimize thermal 
effects is used as a measurement signal. 

Output-Current Limit: The output current with a fixed out- 
put voltage and a large input overdrive. The limiting current 
drops with time once SPiKe protection circuitry is activated. 
Output Saturation Threshold (Clipping Point): The output 
swing limit for a specified input drive beyond that required 
for zero output. It is measured with respect to the supply to 
which the output is swinging. 

Output Resistance: The ratio of the change in output volt- 
age to the change in output current with the output around 
zero. 

Power Dissipation Rating: The power that can be dissipat- 
ed for a specified time interval without activating the protec- 
tion circuitry. For time intervals in excess of 100 ms, dissipa- 
tion capability is determined by heat sinking of the 1C pack- 
age rather than by the 1C itself. 

Thermal Resistance: The peak, junction-temperature rise, 
per unit of internal power dissipation (units in °C/W), above 
the case temperature as measured at the center of the 
package bottom. 

The DC thermal resistance applies when one output transis- 
tor is operating continuously. The AC thermal resistance ap- 
plies with the output transistors conducting alternately at a 
high enough frequency that the peak capability of neither 
transistor is exceeded. 

Power Bandwidth: The power bandwidth of an audio am- 
plifier is the frequency range over which the amplifier volt- 
age gain does not fall below 0.707 of the flat band voltage 
gain specified for a given load and output power. 

Power bandwidth also can be measured by the frequencies 
at which a specified level of distortion is obtained while the 
amplifier delivers a power output 3 dB below the rated out- 
put. For example, an amplifier rated at 60W with ^ 0.25% 
THD + N, would make its power bandwidth measured as 
the difference between the upper and lower frequencies at 
which 0.25% distortion was obtained while the amplifier was 
delivering 30W. 

Gain-Bandwidth Product: The Gain-Bandwidth Product is 
a way of predicting the high-frequenqy usefulness of an op 
amp. The Gain-Bandwidth Product is sometimes called the 
unity-gain frequency or unity-gain cross frequency because 
the open-loop gain characteristic passes through or crosses 
unity gain at this frequency. Simply, we have the following 
relationship: Acli X f-j = Acl2 x h 
Assuming that at unity-gain (Aqli = 1 or (0 dB)) fu = fi = 
GBWP, then we have the following: GBWP = Aql2 x f2 
This says that once fu (GBWP) is known for an amplifier, 
then the open-loop gain can be found at any frequency. This 
is also an excellent equation to determine the 3 dB point of 
a closed-loop gain, assuming that you know the GBWP of 
the device. Refer to the diagram on the following page. 
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Definition of Terms (Continued) 

This refers to a weighted noise measurement for a Dolby B 
type noise reduction system. A filter characteristic is used 
that gives a closer correlation of the measurement with the 
subjective annoyance of noise to the ear. Measurements 
made with this filter cannot necessarily be related to un- 
weighted noise measurements by some fixed conversion 
factor since the answers obtained will depend on the spec- 
trum of the noise source. 

S.P.L.: Sound Pressure Level — usually measured with a mi- 
crophone/meter combination calibrated to a pressure level 
of 0.0002 jwBars (approximately the threshold hearing level). 

S.P.L. = 20 Log 1 0P/0.0002 dB 
where P is the R.M.S. sound pressure in microbars. 

(1 Bar = 1 atmosphere = 1 4.5 lb/in 2 = 194 dB S.P.L.). 
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Biamplification: The technique of splitting the audio fre- 
quency spectrum into two sections and using individual 
power amplifiers to drive a separate woofer and tweeter. 
Crossover frequencies for the amplifiers usually vary be- 
tween 500 Hz and 1600 Hz. “Biamping” has the advan- 
tages of allowing smaller power amps to produce a given 
sound pressure level and reducing distortion effects pro- 
dused by overdrive in one part of the frequency spectrum 
affecting the other part. 

C.C.I.R./A.R.M.: 

Literally: International Radio Consultative Committee 
Average Responding Meter 
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LM3886 Overture Audio Power Amplifier Series 

High-Performance 68W Audio Power Amplifier w/Mute 


General Description 

The LM3886 js a high-performance audio power amplifier 
capable of delivering 68W of continuous average power to a 
4ft load and 38W into 8ft with 0.1% (THD + N) from 
20 Hz-20 kHz: 

The performance of the LM3886, utilizing its Self Peak In- 
stantaneous Temperature (°Ke) (SPiKe) Protection Circuit- 
ry, puts it in a class above discrete and hybrid amplifiers by 
providing an inherently, dynamically protected Safe Operat- 
ing Area (SOA). SPiKe Protection means that these parts 
are completely safeguarded at the output against overvolt- 
age, undervoltage, overloads, including shorts to the sup- 
plies, thermal runaway, and instantaneous temperature 
peaks. 

The LM3886 maintains an excellent Signal-to-Noise Ratio of 
greater than 92 dB with a typical low noise floor of 2.0 ju,V. It 
exhibits extremely low (THD + N) values of 0.03% at the 
rated output into the rated load over the audio spectrum, 
and provides excellent linearity with an IMD (SMPTE) typical 
rating of 0.004%. 


Features 

■ 68W cont. avg. output power into 4ft at Vcc — ±28V 

■ 38W cont. avg. output power into 8ft at Vcc = ±28V 

■ 50W cont. avg. output power into 8ft at Vcc - ±35V 

■ 135W instantaneous peak output power capability 

■ Signal-to-Noise Ratio > 92 dB 

■ An input mute function 

■ Output protection from a short to ground or to the 
supplies via internal current limiting circuitry 

■ Output over-voltage protection against transients from 
inductive loads 

■ Supply under-voltage protection, not allowing internal 
biasing to occur when |VeeI + l v ccl ^ 12V, thus 
eliminating turn-on and turn-off transients 

■ 11 -lead TO-220 package 

Applications 

■ Component stereo 
,m Compact stereo 

■ Self-powered speakers 

■ Surround-sound amplifiers 

■ High-end stereo TVs 


Typical Application 

V+ 



FIGURE 1. Typical Audio Amplifier Application Circuit 

*Optional components dependent upon specific design requirements. Refer to the External Compo- 
nents Description section for a component functional description. 


Connection Diagram 


Plastic Package (Note 8) 



v in t 

V|N- 

■ MUTE 
GND 

■ NC 
V+ 

■ V- 
0UTPUT 

■ NC 
V+ 


Top View 


Order Number LM3886T 
or LM3886TF 

See NS Package Number TA11B for 
Staggered Lead Non-lsolated 
Package or TF11B* for 
Staggered Lead Isolated Package 

* Preliminary: call you local National Sales Rep. 
or distributor for availability 
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Absolute Maximum Ratings (Notes i,2) 

If Military/Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales T Package (10 seconds) 260°C 

Office/Distributors for availability and specifications. Storage Temperature - 40”C to + 1 50°C 

Supply Voltage |V + | + |V~| (No Signal) 94V Thermal Resistance 

SupplyVoltage|V + | + |V _ | (Input Signal) 84V 0jc 1°C/W 

Common Mode Input Voltage (V + orV“)and ®JA 43°C/W 

Differential Input Voltage (Note 1 2) 60V Operating Ratings (Notes 1 , 2) 

OutputCurrent Internally Limited -arc £ T A £ +85"C 

Power Dissipation (Note 3) 125W Supply Voltage |V+| + |V~| 20Vto84V 

ESD Susceptibility (Note 4) 3000V Note: Operation is guaranteed up to 84V, however, distortion may be intro- 

Junction Temperature (Note 5) 1 50°C duced from SPiKe Protection Circuitry if proper thermal considera- 

tions are not taken into account. Refer to the Thermal Considera- 
tions section for more information. 

(See SPiKe™ Protection Response) 

Electrical Characteristics (Notes I, 2) The following specifications apply for V + = + 28V, V~ = -28V, 

^MLITE = —0.5 mA with Rl = 4H unless otherwise specified. Limits apply for Ta = 25°C. 

Symbol 

Parameter 

Conditions 

LM3886 

Units 

(Limits) 

Typical 
(Note 6) 

Limit 
(Note 7) 

|V + | + |v-| 

Power Supply Voltage (Note 1 0) 

V pi n7 - V- ^ 9V 

18 

20 

V (min) 





84 

V (max) 

Am 

Mute Attenuation 

Pin 8 Open or at 0V, Mute: On 






Current out of Pin 8 > 0.5 m A, 

115 

80 

dB (min) 



Mute: Off 




••Po 

Output Power (Continuous Average) 

THD + N = 0.1% (max) 






f = 1 kHz; f = 20 kHz 






|v+| = |V-| = 28V, 

68 

60 

W (min) 



|V+| = jv— 1 = 28V, Rl = 8n 

38 

30 

W (min) 



|V+i = |V-| = 35V, R L = 8a 

50 


W 

Peak Pq 

Instantaneous Peak Output Power 


135 


W 

THD + N 

Total Harmonic Distortion Plus Noise 

60W, R l = 4a, 

0.03 


% 



30W, R l = 8a, 

0.03 


% 



20 Hz ^ f ^ 20 kHz 






A V = 26 dB 




**SR 

Slew Rate (Note 9) 

Vin = 2.0Vp-p, tRisE = 2 ns 

19 

8 

V/jlls (min) 

*1 + 

Total Quiescent Power Supply Current 

V C M = 0V, V 0 = 0V, l 0 = 0A 

50 


mA (max) 

*v os 

Input Offset Voltage 

V CM = 0V, l 0 = 0 mA 

1 

10 


•b 

Input Bias Current 

V C M = 0V, l o = 0mA 

0.2 

1 


•os 

Input Offset Current 

V CM = 0V, l 0 = 0 mA 

0.01 

0.2 

fxA (max) 

lo 

Output Current Limit 

|V + | = |V“| = 20V, t ON = 10 ms, Vq = 0V 

11.5 

7 

A (min) 

*v od 

Output Dropout Voltage (Note 1 1 ) 

| V +-V 0 |,V + = 28V, l Q = + 100 mA 

1.6 

2.0 

V (max) 



|V 0 -V"|,V- = -28V, l 0 = -100 mA 

2.5 

3.0 

V (max) 

*PSRR 

Power Supply Rejection Ratio 

V + = 40V to 20V, V" = -40V, 

120 

85 

dB (min) 



V C M = 0V, lo = 0 mA 






V + = 40V, V - = -40V to -20V, 

105 

85 

dB (min) 



VcM = 0V, l 0 = 0 mA 




*DC Electrical Test; refer to Test Circuit #1. 





**AC Electrical Test; refer to Test Circuit #2. 
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Electrical Characteristics (Notes 1,2) 

The following specifications apply for vt = + 28V, V - — -28 V, Imute “ “0*5 m A with Rl = 4ft unless otherwise specified. 
Limits apply for Ta = 25°C. (Continued) 


Symbol 

Parameter 

Conditions 

LM3886 

Units 

(Limits) 

Typical 
(Note 6) 

Limit 
(Note 7) 

*CMRR 

Common Mode Rejection Ratio 

V + = 60V to 20V, V - = -20V to -60V, 

V C M = 20V to -20 V, l 0 = 0 mA 

110 

85 

dB (min) 

*Avol 

Open Loop Voltage Gain 

|V + | = |V _ | = 28 V, R L = 2 kfi, AV 0 = 40V 

115 

90 

dB (min) 

GBWP 

Gain-Bandwidth Product 

IV+I = |V"| = 30V 

to = 100 kHz, V| N = 50 mVrms 

8 

2 

MHz (min) 

** e IN 

Input Noise 

IHF — A Weighting Filter 

R|NL ~ 600ft (Input Referred) 

2.0 

10 

1 ulV (max) 

SNR 

Signal-to-Noise Ratio 

P 0 = 1W, A- Weighted, 

Measured at 1 kHz, Rs = 25ft 

92.5 


dB 



P 0 = 60W, A-Weighted, 

Measured at 1 kHz, Rs = 25ft 

110 


dB 

IMD 

Intermodulation Distortion Test 

60 Hz, 7 kHz, 4:1 (SMPTE) 

60 Hz, 7 kHz, 1:1 (SMPTE) 

0.004 

0.009 


% 


*DC Electrical Test; refer to Test Circuit # 1 . 

**AC Electrical Test; refer to Test Circuit #2. 

Note 1: All voltages are measured with respect to the GND pin (pin 7), unless otherwise specified. 

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 

Note 3: For operating at case temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance of 
0jc =1.0 °C/W (junction to case). Refer to the Thermal Resistance figure in the Application Information section under Thermal Considerations. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: The operating junction temperature maximum is 150°C, however, the instantaneous Safe Operating Area temperature is 250°C. 

Note 6: Typicals are measured at 25°C and represent the parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The LM3886T package TA11B is a non-isolated package, setting the tab of the device and the heat sink at V - potential when the LM3886 is directly 
mounted to the heat sink using only thermal compound. If a mica washer is used in addition to thermal compound, 0 qs (case to sink) is increased, but the heat sink 
will be isolated from V~. 

Note 9: The feedback compensation network limits the bandwidth of the closed-loop response and so the slew rate will be reduced due to the high frequency roll- 
off. Without feedback compensation, the slew rate is typically larger. 

Note 10: V“ must have at least -9V at its pin with reference to ground in order for the under-voltage protection circuitry to be disabled. 

Note 11: The output dropout voltage is the supply voltage minus the clipping voltage. Refer to the Clipping Voltage vs Supply Voltage graph in the Typical 
Performance Characteristics section. 

Note 12: The Differential Input Voltage Absolute Maximum Rating is based on supply voltages of V+ = -MOV and V - = -40V. 
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Single Supply Application Circuit 

v+ 



“ TL/H/1 1833-5 

FIGURE 2. Typical Single Supply Audio Amplifier Application Circuit 

*Optional components dependent upon specific design requirements. Refer to the External 
Components Description section for a component functional description. 


Equivalent Schematic (excluding active protection circuitry) 


v+ 



TL/H/1 1833-6 
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External Components Description (Figures i and 2 ) 

Components 

Functional Description 

1. 

r IN 

Acts as a volume control by setting the voltage level allowed to the amplifier’s input terminals. 

2. 

Ra 

Provides DC voltage biasing for the single supply operation and bias current for the positive input 
terminal. 

3. 

c a 

Provides bias filtering. 

4. 

c 

Provides AC coupling at the input and output of the amplifier for single supply operation. 

5. 

Rb 

Prevents currents from entering the amplifier’s non-inverting input which may be passed through to 
the load upon power-down of the system due to the low input impedance of the circuitry when the 
under-voltage circuitry is off. This phenomenon occurs when the supply voltages are below 1 .5V. 

6. 

*c c 

Reduces the gain (bandwidth of the amplifier) at high frequencies to avoid quasi-saturation 
oscillations of the output transistor. The capacitor also suppresses external electromagnetic 
switching noise created from fluorescent lamps. 

7. 

Ri 

Inverting input resistance to provide AC Gain in conjunction with Rf 1 . 

8. 

*Ci 

Feedback capacitor. Ensures unity gain at DC. Also a low frequency pole (highpass roll-off) at: 
f c = 1/(27rRiCi) 

9. 

R f1 

Feedback resistance to provide AC Gain in conjunction with Ri. 

10. 

* R f2 

At higher frequencies feedback resistance works with Cf to provide lower AC Gain in conjunction 
with Rfi and Ri. A high frequency pole (lowpass roll-off) exists at: 



fc = [Rfi Rf2 (s + 1/Rf 2 C,)]/[(R,i + Rf2)(s + 1/Cf(R f1 + R {2 ))] 

11. 

*Cf 

Compensation capacitor that works with Rf-j and Rf2 to reduce the AC Gain at higher frequencies. 

12. 

r m 

Mute resistance set up to allow 0.5 mA to be drawn from pin 8 to turn the muting function off. 

— ► Rm is calculated using: Rm ^ (|VeeI ~~ 2.6V)/I8 where 18 ^ 0.5 mA. Refer to the Mute 
Attenuation vs. Mute Current curves in the Typical Performance Characteristics section. 

13. 

Cm 

Mute capacitance set up to create a large time constant for turn-on and turn-off muting. 

14. 

’Rsn 

Works with Csn to stabilize the output stage by creating a pole that eliminates high frequency 
oscillations. 

15. 

*C S N 

Works with Rsn to stabilize the output stage by creating a pole that eliminates high frequency 
oscillations. 



f c = 1/(27 tRsnCsn) 

16. 

*L 

Provides high impedance at high frequecies so that R may decouple a highly capacitive load 

17. 

*R 

and reduce the Q of the series resonant circuit due to capacitive load. Also provides a low 
impedance at low frequencies to short out R and pass audio signals to the load. 

18. 

Cs 

Provides power supply filtering and bypassing. 

19. 

SI 

Mute switch that mutes the music going into the amplifier when opened. 

‘Optional components dependent upon specific design requirements. Refer to the Application Information section for more information. 

OPTIONAL EXTERNAL COMPONENT INTERACTION 

Although the optional external components have specific desired functions that are designed to reduce the bandwidth and 
eliminate unwanted high frequency oscillations they may cause certain undesirable effects when they interact. Interaction may 
occur for components whose reactances are in close proximity to one another. One example would be the coupling capacitor, 

Cc, and the compensation capacitor, Cf. These two components act as low impedances to certain frequencies which will couple 
signals from the input to the output. Please take careful note of basic amplifier component functionality when designing in these 

components. 


The optional external components shown in Figure 2 and described above are applicable in both single and split voltage supply 

configurations. 
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Typical Performance Characteristics 
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Typical Performance Characteristics (Continued) 

THD + N vs Frequency 
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Typical Performance Characteristics (Continued) 
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Typical Performance Characteristics (Continued) 
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Application Information 

GENERAL FEATURES 

Mute Function: The muting function of the LM3886 allows 
the user to mute the music going Into the amplifier by draw- 
ing less than 0.5 mA out of pin 8 of the device. This is 
accomplished as shown in the Typical Application Circuit 
where the resistor Rm is chosen with reference to your neg- 
ative supply voltage and is used in conjuction with a switch. 
The switch (when opened) cuts off the current flow from 
pin 8 to V”, thus placing the LM3886 into mute mode. Refer 
to the Mute Attenuation vs Mute Current curves in the Typi- 
cal Performance Characteristics section for values of at- 
tenuation per current out of pin 8. The resistance Rm is 
calculated by the following equation: 

Rm(|Vee!-2.6V)/I8 

where 18 ^ 0.5 mA. 

Under-Voltage Protection: Upon system power-up the un- 
der-voltage protection circuitry allows the power supplies 
and their corresponding caps to come up close to their full 
values before turning on the LM3886 such that no DC out- 
put spikes occur. Upon turn-off, the output of the LM3886 is 
brought to ground before the power supplies such that no 
transients occur at power-down. 

Over-Voltage Protection: The LM3886 contains overvolt- 
age protection circuitry that limits the output current to ap- 
proximately 1 1 Apeak while also providing voltage clamping, 
though not through internal clamping diodes. The clamping 
effect is quite the same, however, the output transistors are 
designed to work alternately by sinking large current spikes. 
SPiKe Protection: The LM3886 is protected from instanta- 
neous peak-temperature stressing by the power transistor 
array. The Safe Operating Area graph in the Typical Per- 
formance Characteristics section shows the area of de- 
vice operation where the SPiKe Protection Circuitry is not 
enabled. The waveform to the right of the SOA graph exem- 
plifies how the dynamic protection will cause waveform dis- 
tortion when enabled. 

Thermal Protection: The LM3886 has a sophisticated ther- 
mal protection scheme to prevent long-term thermal stress 
to the device. When the temperature on the die reaches 
1 65°C, the LM3886 shuts down. It starts operating again 
when the die temperature drops to about 1 55°C, but if the 
temperature again begins to rise, shutdown will occur again 
at 1 65°C. Therefore the device is allowed to heat up to a 
relatively high temperature if the fault condition is tempo- 
rary, but a sustained fault will cause the device to cycle in a 
Schmitt Trigger fashion between the thermal shutdown tem- 
perature limits of 165°C and 155°C. This greatly reduces the 
stress imposed on the IQ by thermal cycling, which in turn 
improves its reliability under sustained fault conditions. 
Since the die temperature is directly dependent upon the 
heat sink, the heat sink should be chosen as discussed in 
the Thermal Considerations section, such that thermal 
shutdown will not be reached during normal operation. Us- 


ing the best heat sink possible within the cost and space 
constraints of the system will improve the long-term reliabili- 
ty of any power semiconductor device. 

THERMAL CONSIDERATIONS 
Heat Sinking 

The choice of a heat sink for a high-power audio amplifier is 
made entirely to keep the die temperature at a level such 
that the thermal protection circuitry does not operate under 
normal circumstances. The heat sink should be chosen to 
dissipate the maximum 1C power for a given supply voltage 
and rated load. 

With high-power pulses of longer duration than 100 ms, the 
case temperature will heat up drastically without the use of 
a heat sink. Therefore the case temperature, as measured 
at the center of the package bottom, is entirely dependent 
on heat sink design and the mounting of the 1C to the heat 
sink. For the design of a heat sink for your audio amplifier 
application refer to the Determining The Correct Heat 
Sink section. 

Since a semiconductor manufacturer has no control over 
which heat sink is used in a particular amplifier design, we 
can only inform the system designer of the parameters and 
the method needed in the determination of a heat sink. With 
this in mind, the system designer must choose his supply 
voltages, a rated load, a desired output power level, and 
know the ambient temperature surrounding the device. 
These parameters are in addition to knowing the maximum 
junction temperature and the thermal resistance of the 1C, 
both of which are provided by National Semiconductor. 

As a benefit to the system designer we have provided Maxi- 
mum Power Dissipation vs Supply Voltages curves for vari- 
ous loads in the Typical Performance Characteristics 
section, giving an accurate figure for the maximum thermal 
resistance required for a particular amplifier design. This 
data was based on 0 jc = TC/W and 0cs = 0.2°C/W. We 
also provide a section regarding heat sink determination for 
any audio amplifier design where 0 qs may be a different 
value. It should be noted that the idea behind dissipating the 
maximum power within the 1C is to provide the device with a 
low resistance to convection heat transfer such as a heat 
sink. Therefore, it is necessary for the system designer to be 
conservative in his heat sink calculations. As a rule, the low- 
er the thermal resistance of the heat sink the higher the 
amount of power that may be dissipated. This is of course 
guided by the cost and size requirements of the system. 
Convection cooling heat sinks are available commercially, 
and their manufacturers should be consulted for ratings. 
Proper mounting of the 1C is required to minimize the ther- 
mal drop between the package and the heat sink. The heat 
sink must also have enough metal under the package to 
conduct heat from the center of the package bottom to the 
fins without excessive temperature drop. 


1-166 



Application Information (Continued) 

A thermal grease such as Wakefield type 120 or Thermalloy 
Thermacote should be used when mounting the package to 
the heat sink. Without this compound, thermal resistance 
will be no better than 0.5°C/W, and probably much worse. 
With the compound, thermal resistance will be 0.2°C/W or 
less, assuming under 0.005 inch combined flatness runout 
for the package and heat sink. Proper torquing of the 
mounting bolts is important and can be determined from 
heat sink manufacturer’s specification sheets. 

Should it be necessary to isolate V - from the heat sink, an 
insulating washer is required. Hard washers like beryluum 
oxide, anodized aluminum and mica require the use of ther- 
mal compound on both faces. Two-mil mica washers are 
most common, giving about 0.4°C/W interface resistance 
with the compound. 

Silicone-rubber washers are also available. A 0.5°C/W ther- 
mal resistance is claimed without thermal compound. Expe- 
rience has shown that these rubber washers deteriorate and 
must be replaced should the 1C be dismounted. 
Determining Maximum Power Dissipation 
Power dissipation within the integrated circuit package is a 
very important parameter requiring a thorough understand- 
ing if optimum power output is to be obtained. An incorrect 
maximum power dissipation (Pd) calculation may result in 
inadequate heat sinking, causing thermal shutdown circuitry 
to operate and limit the output power. 

The following equations can be used to acccurately calcu- 
late the maximum and average integrated circuit power dis- 
sipation for your amplifier design, given the supply voltage, 
rated load, and output power. These equations can be di- 
rectly applied to the Power Dissipation vs Output Power 
curves in the Typical Performance Characteristics sec- 
tion. 

Equation (1) exemplifies the maximum power dissipation of 
the 1C and equations (2) and (3) exemplify the average 1C 
power dissipation expressed in different forms. 

Pdmax = Vcc 2 /27r2R L (1) 

where Vcc is the total supply voltage 

PdAVE = (Vopk/RiJtVcc/tf - Vopk/2] (2) 
where Vcc is the total supply voltage and Vopk = Vcc/rr 
PdAVE = Vcc Vopk/^RL - Vopk 2 /2R L (3) 

where Vcc is the total supply voltage. 

Determining the Correct Heat Sink 
Once the maximum 1C power dissipation is known for a giv- 
en supply voltage, rated load, and the desired rated output 
power the maximum thermal resistance (in °C/W) of a heat 


sink can be calculated. This calculation is made using equa- 
tion (4) and is based on the fact that thermal heat flow pa- 
rameters are analogous to electrical current flow properties. 
It is also known that typically the thermal resistance, 0jc 
(junction to case), of the LM3886 is 1°C/W and that using 
Thermalloy Thermacote thermal compound provides a ther- 
mal resistance, 6>cs (case to heat sink), of about 0.2°C/W 
as explained in the Heat Sinking section. 

Referring to the figure below, it is seen that the thermal 
resistance from the die (junction) to the outside air (ambient) 
is a combination of three thermal resistances, two of which 
are known, 0jc and 0cs- Since convection heat flow (power 
dissipation) is analogous to current flow, thermal resistance 
is analogous to electrical resistance, and temperature drops 
are analogous to voltage drops, the power dissipation out of 
the LM3886 is equal to the following: 

p DMAX = (Tjmax - T Amb )/0 JA 
where 0 JA = 0 JC + 0cs + #sa 

^Jmax ^Amb 

•-AAAr-*-AAAr-#^W\r* 

0 JC 0 CS *SA 

Pdmax 

• VsA • 

0 JA 

TL/H/1 1833-12 

But since we know Pdmax. 0jc> and 0§c for the application 
and we are looking for 0s A , we have the following: 

#SA = [(Tjmax - T Amb ) ~ PdMAX (#JC + ^CS)]/ PDMAX (4) 
Again it must be noted that the value of 0§ A is dependent 
upon the system designer’s amplifier application and its cor- 
responding parameters as described previously. If the ambi- 
ent temperature that the audio amplifier is to be working 
under is higher than the normal 25°C, then the thermal re- 
sistance for the heat sink, given all other things are equal, 
will need to bb smaller. 

Equations (1) and (4) are the only equations needed in the 
determination of the maximum heat sink thermal resistance. 
This is bf course given that the system designer knows the 
required supply voltages to drive his rated load at a particu- 
lar power output level and the parameters provided by the 
semiconductor manufacturer. These parameters are the 
junction to case thermal resistance, 0 jc, Tj max = 150°C, 
and the recommended Thermalloy Thermacote thermal 
compound resistance, 0cs- 
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Application Information (Continued) 

SIGNAL-TO-NOISE RATIO 

In the measurement of the signal-to-noise ratio, misinterpre- 
tations of the numbers actually measured are common. One 
amplifier may sound much quieter than another, but due to 
improper testing techniques, they appear equal in measure- 
ments. This is often the case when comparing integrated 
circuit designs to discrete amplifier designs. Discrete tran- 
sistor amps often “run out of gain” at high frequencies and 
therefore have small bandwidths to noise as indicated be- 
low. 



FREQUENCY (Hz) 

TL/H/1 1833-13 

Integrated circuits have additional open loop gain allowing 
additional feedback loop gain in order to lower harmonic 
distortion and improve frequency response. It is this addi- 
tional bandwidth that can lead to erroneous signal-to-noise 
measurements if not considered during the measurement 
process. In the typical example above, the difference in 
bandwidth appears small on a log scale but the factor of 10 
in bandwidth, (200 kHz to 2 MHz) can result in a 10 dB 
theoretical difference in the signal-to-noise ratio (white 
noise is proportional to the square root of the bandwidth in a 
system). 

In comparing audio amplifiers it is necessary to measure the 
magnitude of noise in the audible bandwidth by using a 
“weighting” filter. 1 A “weighting” filter alters the frequency 
response in order to compensate for the average human 
ear’s sensitivity to the frequency spectra. The weighting fil- 
ters at the same time provide the bandwidth limiting as dis- 
cussed in the previous paragraph. 

In addition to noise filtering, differing meter types give differ- 
ent noise readings. Meter responses include: 

1. RMS reading, 

2. average responding, 

3. peak reading, and 

4. quasi peak reading. 

Although theoretical noise analysis is derived using true 
RMS based calculations, most actual measurements are 
taken with ARM (Average Responding Meter) test equip- 
ment. 

Reference 1: CCIR/ARM: A Practical Noise Measurement 
Method; by Ray Dolby, David Robinson and Kenneth Gun- 
dry, AES Preprint No. 1353 (F-3). 


Typical signal-to-noise figures are listed for an A-weighted 
filter which is commonly used in the measurement of noise. 
The shape of all weighting filters is similar, with the peak of 
the curve usually occurring in the 3 kHz-7 kHz region as 
shown below. 
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SUPPLY BYPASSING 

The LM3886 has excellent power supply rejection and does 
not require a regulated supply. However, to eliminate possi- 
ble oscillations all op amps and power op amps should have 
their supply leads bypassed with low-inductance capacitors 
having short leads and located close to the package termi- 
nals. Inadequate power supply bypassing will manifest itself 
by a low frequency oscillation known as “motorboating” or 
by high frequency instabilities. These instabilities can be 
eliminated through multiple bypassing utilizing a large tanta- 
lum or electrolytic capacitor (10 jjlF or larger) which is used 
to absorb low frequency variations and a small ceramic ca- 
pacitor (0.1 jxF) to prevent any high frequency feedback 
through the power supply lines. 

If adequate bypassing is not provided the current in the sup- 
ply leads which is a rectified component of the load current 
may be fed back into internal circuitry. This signal causes 
low distortion at high frequencies requiring that the supplies 
be bypassed at the package terminals with an electrolytic 
capacitor of 470 /xF or more. 

LEAD INDUCTANCE 

Power op amps are sensitive to inductance in the output 
lead, particularly with heavy capacitive loading. Feedback to 
the input should be taken directly from the output terminal, 
minimizing common inductance with the load. 

Lead inductance can also cause voltage surges on the sup- 
plies. With long leads to the power supply, energy is stored 
in the lead inductance when the output is shorted. This en- 
ergy can be dumped back into the supply bypass capacitors 
when the short is removed. The magnitude of this transient 
is reduced by increasing the size of the bypass capacitor 
near the 1C. With at least a 20 /xF local bypass, these volt- 
age surges are important only if the lead length exceeds a 
couple feet (> 1 fi H lead inductance). Twisting together the 
supply and ground leads minimizes the effect. 
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Application Information (Continued) 

LAYOUT, GROUND LOOPS AND STABILITY 

The LM3886 is designed to be stable when operated at a 
closed-loop gain of 10 or greater, but as with any other high- 
current amplifier, the LM3886 can be made to oscillate un- 
der certain conditions. These usually involve printed circuit 
board layout or output/input coupling. 

When designing a layout, it is important to return the load 
ground, the output compensation ground, and the low level 
(feedback and input) grounds to the circuit board common 
ground point through separate paths. Otherwise, large cur- 
rents flowing along a ground conductor will generate volt- 
ages on the conductor which can effectively act as signals 
at the input, resulting in high frequency oscillation or exces- 
sive distortion. It is advisable to keep the output compensa- 
tion components and the 0.1 jxF supply decoupling capaci- 
tors as close as possible to the LM3886 to reduce the ef- 
fects of PCB trace resistance and inductance. For the same 
reason, the ground return paths should be as short as possi- 
ble. 

In general, with fast, high-current circuitry, all sorts of prob- 
lems can arise from improper grounding which again can be 
avoided by returning all grounds separately to a common 
point. Without isolating the ground signals and returning the 
grounds to a common point, ground loops may occur. 
“Ground Loop” is the term used to describe situations oc- 
curring in ground systems where a difference in potential 
exists between two ground points. Ideally a ground is a 
ground, but unfortunately, in order for this to be true, ground 
conductors with zero resistance are necessary. Since real 
world ground leads possess finite resistance, currents run- 
ning through them will cause finite voltage drops to exist. If 
two ground return lines tie into the same path at different 
points there will be a voltage drop between them. The first 
figure below shows a common ground example where the 
positive input ground and the load ground are returned to 
the supply ground point via the same wire. The addition of 
the finite wire resistance, R 2 , results in a voltage difference 
between the two points as shown below. 



The load current lj_ will be much larger than input bias cur- 
rent l|, thus Vi will follow the output voltage directly, i.e. in 
phase. Therefore the voltage appearing at the non-inverting 
input is effectively positive feedback and the circuit may os- 
cillate. If there were only one device to worry about then the 
values of Ri and R 2 would probably be small enough to be 
ignored; however, several devices normally comprise a total 
system. Any ground return of a separate device, whose out- 
put is in phase, can feedback in a similar manner and cause 
instabilities. Out of phase ground loops also are trouble- 
some, causing unexpected gain and phase errors. 

The solution to most ground loop problems is to always use 
a single-point ground system, although this is sometimes 
impractical. The third figure below is an example of a single- 
point ground system. 

The single-point ground concept should be applied rigorous- 
ly to all components and all circuits when possible. Viola- 
tions of single-point grounding are most common among 
printed circuit board designs, since the circuit is surrounded 
by large ground areas which invite the temptation to run a 
device to the closest ground spot. As a final rule, make all 
ground returns low resistance and low inductance by using 
large wire and wide traces. 

Occasionally, current in the output leads (which function as 
antennas) can be coupled through the air to the amplifier 
input, resulting in high-frequency oscillation. This normally 
happens when the source impedance is high or the input 
leads are long. The problem can be eliminated by placing a 
small capacitor, Cc, (on the order of 50 pF to 500 pF) 
across the LM3886 input terminals. Refer to the External 
Components Description section relating to component 
interaction with Cf. 

REACTIVE LOADING 

It is hard for most power amplifiers to drive highly capacitive 
loads very effectively and normally results in oscillations or 
ringing on the square wave response. If the output of the 
LM3886 is connected directly to a capacitor with no series 
resistance, the square wave response will exhibit ringing if 
the capacitance is greater than about 0.2 juF. If highly ca- 
pacitive loads are expected due to long speaker cables, a 
method commonly employed to protect amplifiers from low 
impedances at high frequencies is to couple to the load 
through a 10ft resistor in parallel with a 0.7 /xH inductor. 
The inductor-resistor combination as shown in the Typical 
Application Circuit isolates the feedback amplifier from the 
load by providing high output impedance at high frequencies 
thus allowing the 10ft resistor to decouple the capacitive 
load and reduce the Q of the series resonant circuit. The LR 
combination also provides low output impedance at low fre- 
quencies thus shorting out the 10ft resistor and allowing the 
amplifier to drive the series RC load (large capacitive load 
due to long speaker cables) directly. 



“ ^ =(!,+!,>! V 2 =I l (R 2 +V 1 ) 
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Application Information (Continued) 

GENERALIZED AUDIO POWER AMPLIFIER DESIGN 

The system designer usually knows some of the following 
parameters when starting an audio amplifier design: 
Desired Power Output Input Level 

Input Impedance Load Impedance 

Maximum Supply Voltage Bandwidth 

The power output and load impedance determine the power 
supply requirements, however, depending upon the applica- 
tion some system designers may be limited to certain maxi- 
mum supply voltages. If the designer does have a power 
supply limitation, he should choose a practical load imped- 
ance which would allow the amplifier to provide the desired 
output power, keeping in mind the current limiting capabili- 
ties of the device. In any case, the output signal swing and 
current are found from (where Pq is the average output 
power): 

V opea k = V2 Rl Po (1) 

lopeak = «(2 P 0 )/Rl (2) 

To determine the maximum supply voltage the following pa- 
rameters must be considered, Add the dropout voltage (4V 
for LM3886) to the peak output swing, V ope ak> to 9 e t the 
supply rail value (i.e. ± (V opea |< + Vod) at a current of 
lopeak)- The regulation of the supply determines the unload- 
ed voltage, usually about 15% higher. Supply voltage will 
also rise 10% during high line conditions. Therefore, the 
maximum supply voltage is obtained from the following 
qquation: ' 

Max. supplies ~ ± (V ope ak + Vod)(1 + regulation)(1.1) (3) 
The input sensitivity and the output power specs determine 
the minimum required gain as depicted below: 

Av S(#HRl)/(V| N ) = Vorms/Vjnrms W 

Normally the gain is set between 20 and 200; for a 40W, 8ft 
audio amplifier this results in a sensitivity of 894 mV and 
89 mV, respectively. Although higher gain amplifiers provide 
greater output power and dynamic headroom capabilities, 
there are certain shortcomings that go along with the so 
called ‘‘gain.” The input referred noise floor is increased 
and hence the SNR is worse. With the increase in gain, 
there is also a reduction of the power bandwidth which re- 
sults in a decrease in feedback thus not allowing the amplifi- 
er to respond quickly enough to nonlinearities. This de- 
creased ability to respond to nonlinearities increases the 
THD + N specification. 

The desired input impedance is set by Rin- Very high values 
can cause board layout problems and DC offsets at the out- 
put. The value for the feedback resistance, Rfi, should be 
chosen to be a relatively large value (10 kft- 100 k ft), and 
the other feedback resistance, Ri, is calculated using stan- 
dard op amp configuration gain equations. Most audio am- 
plifiers are designed from the non-inverting amplifier config- 
uration. - * 


DESIGN A 40W/4ft AUDIO AMPLIFIER 

Given: ■ . -.-.w , ; 

Power OutpUt 40W 

Load Impedance ' 40 

Input Level IV(max) 

Input Impedance 100 kO 

Bandwidth 20 Hz-20 kHz ± 0.25 dB 

Equations (1) and (2) give: 

40W/4O Vopeak = 17.9V l 0P eak = *.5A 
Therefore the supply required is: ±21 ,0V @ 4.5A 
With 15% regulation and high line the final supply voltage is 
± 26.6V using equation (3). At this point it is a good idea to 
check the Power Output vs Supply Voltage to ensure that 
the required output power is obtainable from the device 
while maintaining low THD + N. It is also good to check the 
Power Dissipation vs Supply Voltage to ensure that the de- 
vice can handle the internal power dissipation. At the same 
time designing in a relatively practical sized heat sink with a 
low thermal resistance is also important. Refer to Typical 
Performance Characteristics graphs and the Thermal 
Considerations section for more information. 

The minimum gain from equation (4) is: Ay ^ 1 2.6 

We select a gain of 13 (Non-Inverting Amplifier); resulting in 
a sensitivity of 973 mV. 

Letting Rin equal 100 kft gives the required input imped- 
ance, however, this would eliminate the “volume control” 
unless an additional input impedance was placed in series 
with the 10 kft potentiometer that is depicted in Figure 1. 
Adding the additional 100 kft resistor would ensure the mi- 
numum required input impedance. , < 

For low DC offsets at the output we let Rfi = 100 kft. 
Solving for Ri (Non-Inverting Amplifier) gives the following: 
Ri = R f1 /(A V - 1) = 1 00k/(1 3 - 1) = 8.3 k ft; use 8.2 kft 
The bandwidth requirement must be stated as a pole, i.e., 
the 3 dB frequency. Five times away from a pole gives 
0.17 dB down, which is better than the required 0.25 dB. 
Therefore: 

f L = 20 Hz/5 = 4 Hz 
f H = 20 kHz X 5 = 100 kHz 

At this point, it is a good idea to ensure that the Gain-Band- 
width Product for the part will- provide the designed gain out 
to the upper 3 dB point of 100 kHz. This is why the minimum 
GBWP of the LM3886 is important. > 

GBWP ;> A v X f3 dB = 13 X 100 kHz = 1.3 MHz 
GBWP = 2.0 MHz (min) for the LM3886 
Solving for the low frequency roll-off capacitor, Ci, we have: 
Ci ^ 1/(27 t Ri fi_) = 4.85 jllF; use 4.7 juF. 
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Definition of Terms 

input Offset Voltage: The absolute value of the voltage 
which must be applied between the input terminals through 
two equal resistances to obtain zero output voltage and cur- 
rent. 

Input Bias Current: The absolute value of the average of 
the two input currents with the output voltage and current at 
zero. 

Input Offset Current: The absolute value of the difference 
in the two input currents with the output voltage and current 
at zero. 

Input Common-Mode Voltage Range (or Input Voltage 
Range): The range of voltages on the input terminals for 
which the amplifier is operational. Note that the specifica- 
tions are not guaranteed over the full common-mode volt- 
age range unless specifically stated. 

Common-Mode Rejection: The ratio of the input common- 
mode voltage range to the peak-to-peak change in input 
offset voltage over this range. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Quiescent Supply Current: The current required from the 
power supply to operate the amplifier with no load and the 
output voltage and current at zero. 

Slew Rate: The internally limited rate of change in output 
voltage with a large amplitude step function applied to the 
input. 

Class B Amplifier: The most common type of audio power 
amplifier that consists of two output devices each of which 
conducts for 180° of the input cycle. The LM3886 is a 
Quasi-AB type amplifier. 

Crossover Distortion: Distortion caused in the output 
stage of a class B amplifier. It can result from inadequate 
bias current providing a dead zone where the output does 
not respond to the input as the input cycle goes through its 
zero crossing point. Also for ICs an inadequate frequency 
response of the output PNP device can cause a turn-on 
delay giving crossover distortion on the negative going tran- 
sition through zero crossing at the higher audio frequencies. 
THD + N: Total Harmonic Distortion plus Noise refers to 
the measurement technique in which the fundamental com- 
ponent is removed by a bandreject (notch) filter and all re- 
maining energy is measured including harmonics and noise. 
Signal-to-Noise Ratio: The ratio of a system’s output signal 
level to the system’s output noise level obtained in the ab- 
sence of a signal. The output reference signal is either 
specified or measured at a specified distortion level. 
Continuous Average Output Power: The minimum sine 
wave continuous average power output in watts (or dBW) 
that can be delivered into the rated load, over the rated 
bandwidth, at the rated maximum total harmonic distortion. 
Music Power: A measurement of the peak output power 
capability of an amplifier with either a signal duration suffi- 
ciently short that the amplifier power supply does not sag 
during the measurement, or when high quality external pow- 
er supplies are used. This measurement (an IHF standard) 
assumes that with normal music program material the ampli- 
fier power supplies will sag insignificantly. 

Peak Power: Most commonly referred to as the power out- 
put capability of an amplifier that can be delivered to the 
load; specified by the part’s maximum voltage swing. 


Headroom: The margin between an actual signal operating 
level (usually the power rating of the amplifier with particular 
supply voltages, a rated load value, and a rated THD +• N 
figure) and the level just before clipping distortion occurs, 
expressed in decibels. ' t 

Large Signal Voltage Gain: The ratio of the output voltage 
swing to the differential input voltage required to drive the 
output from zero to either swing limit. The output swing limit 
is the supply voltage less a specified quasi-saturation volt- 
age. A pulse of short enough duration to minimize thermal 
effects is used as a measurement signal. 

Output-Current Limit: The output current with a fixed out- 
put voltage and a large input overdrive. The limiting current 
drops with time once SPIKe protection circuitry is activated. 
Output Saturation Threshold (Clipping Point): The output 
swing limit for a specified input drive beyond that required 
for zero output. It is measured with respect to the supply to 
which the output is swinging. 

Output Resistance: The ratio of the change in output volt- 
age to the change in output current with the output around 
zero. 

Power Dissipation Rating: The power that can be dissipat- 
ed for a specified time interval without activating the protec- 
tion circuitry. For time intervals in excess of 100 ms, dissipa- 
tion capability is determined by heat sinking of the 1C pack- 
age rather than by the 1C itself. 

Thermal Resistance: The peak, junction-temperature rise, 
per unit of internal power dissipation (units in °C/W), above 
the case temperature as measured at the center of the 
package bottom. 

The DC thermal resistance applies when one output transis- 
tor is operating continuously. The AC thermal resistance ap- 
plies with the output transistors conducting alternately at a 
high enough frequency that the peak capability of neither 
transistor is exceeded. 

Power Bandwidth: The power bandwidth of an audio am- 
plifier is the frequency range over which the amplifier volt- 
age gain does not fall below 0.707 of the flat band voltage 
gain specified for a given load and output power. 

Power bandwidth also can be measured by the frequencies 
at which a specified level of distortion is obtained while the 
amplifier delivers a power output 3 dB below the rated out- 
put. For example, an amplifier rated at 60W with ^ 0.25% 
THD + N, would make its power bandwidth measured as 
the difference between the upper and lower frequencies at 
which 0.25% distortion was obtained while the amplifier was 
delivering 30W. 

Gain-Bandwidth Product: The Gain-Bandwidth Product is 
a way of predicting the high-frequency usefulness of an op 
amp. The Gain-Bandwidth Product is sometimes called the 
unity-gain frequency or unity-gain cross frequency because 
the open-loop gain characteristic passes through or crosses 
unity gain at this frequency. Simply, we have the following 
relationship: Aqli X fi = Aql2 x f 2 
Assuming that at unity-gain (Aqli = 1 or (0 dB)) fu = fi = 
GBWP, then we have the following: GBWP = Aql2 x f2 
This says that once fu (GBWP) is known for an amplifier, 
then the open-loop gain can be found at any frequency. This 
is also an excellent equation to determine the 3 dB point of 
a closed-loop gain, assuming that you know the GBWP of 
the device. Refer to the diagram on the following page. 
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Definition of Terms (Continued) 

This refers to a weighted noise measurement for a Dolby B 
type noise reduction system. A filter characteristic is used 
that gives a closer correlation of the measurement with the 
subjective annoyance of noise to the ear. Measurements 
made with this filter cannot necessarily be related to un- 
weighted noise measurements by some fixed conversion 
factor since the answers obtained will depend on the spec- 
trum of the noise source. 

S.P.L.: Sound Pressure Level— usually measured with a mi- 
crophone/meter combination calibrated to a pressure level 
of 0.0002 juBars (approximately the threshold hearing level). 

S.P.L. = 20 Log 1 0P/0.0002 dB 
where P is the R.M.S. sound pressure in microbars. 

(1 Bar = 1 atmosphere = 14.5lb/in2 = 1 94 dB S.P.L.). 
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Biamplification: The technique of splitting the audio fre- 
quency spectrum into two sections and using individual 
power amplifiers to drive a separate woofer and tweeter. 
Crossover frequencies for the amplifiers usually vary be- 
tween 500 Hz and 1600 Hz. “Biamping” has the advan- 
tages of allowing smaller power amps to produce a given 
sound pressure level and reducing distortion effects pro- 
dused by overdrive in one part of the frequency spectrum 
affecting the other part. 

C.C.I.R./A.R.M.: 

Literally: International Radio Consultative Committee 
Average Responding Meter 
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National Semiconductor 


LM4860 Boomer® Audio Power Amplifier Series 

1 W Audio Power Amplifier with Shutdown Mode 


General Description 

The LM4860 is a bridge-connected audio power amplifier 
capable of delivering 1 W of continuous average power to an 
8ft load with less than 1% (THD+N) over the audio spec- 
trum from a 5V power supply. 

Boomer audio power amplifiers were designed specifically 
to provide high quality output power with a minimal amount 
of external components using surface mount packaging. 
Since the LM4860 does not require output coupling capaci- 
tors, bootstrap capacitors or snubber networks, it is optimal- 
ly suited for low-power portable systems. 

The LM4860 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal 
shutdown protection mechanism. It also includes two head- 
phone control inputs and a headphone sense output for ex- 
ternal monitoring. 

The unity-gain stable LM4860 can be configured by external 
gain setting resistors for differential gains of 1 to 10 without 
the use of external compensation components. 


Key Specifications 

■ THD+N at 1W continuous average 

output power into 8ft 1 % (max) 

■ Instantaneous peak output power >2W 

■ Shutdown current 0.6 jaA (typ) 

Features 

■ No output coupling capacitors, bootstrap capacitors, or 
snubber circuits are necessary 

■ Small Outline (SO) power packaging 

■ Compatible with PC power supplies 

■ Thermal shutdown protection circuitry 

■ Unity-gain stable 

■ External gain configuration capability 

■ Two headphone control inputs and headphone sensing 
output 

Applications 

■ Personal computers 

■ Portable consumer products 

■ Cellular phones 

■ Self-powered speakers 

■ Toys and games 


Typical Application 


Connection Diagram 



Small Outline Package 


1 



16 

GND — 


— GND 

SHUTDOWN — 


— Vo2 

HP-SENSE — 


1A«ih 

4 


13 

GND — 


— -IN 

BYPASS — 


iiv 

V DD 

HP-IN1 — 


—GAIN-OUT 

HP-IN2 — 


— Vol 

GND — 


— GND 


TL/H/ 11988-2 


Top View 

Order Number LM4860M 
See NS Package Number M16A 
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Absolute Maximum Ratings 



If Military/ Aerospace specified devices are required, 

Soldering Information 


please contact the National 

Semiconductor Sales 

Small Outline Package 


Office/Distributors for availability and specifications. 

Vapor Phase (60 sec.) 

215°C 

Supply Voltage 

. 6.0V 

Infrared (15 sec J 

+ > , 220°C 

Storage Temperature 

-65°Cto +150°C 

See AN-450 “Surface Mounting and their Effects on Prod - 

Input Voltage " ‘ 1 

-0.3VtoV DD + 0.3V 

uct Reliability” for other methods 
mount devices. 

of soldering surface 

Power Dissipation 

Internally limited 



ESD Susceptibility (Note 4) 

• ■ ' r ' f 3000V 

Operating Ratings 


ESD Susceptibility (Note 5) 

250V 

Temperature Range 


Junction Temperature 

1 50°C 

. Tmin ^ t a <: t max 

-20°C <; T a <£ + 85°C 



Supply Voltage 

2.7V £ Vqd £ 5.5V 


Electrical Characteristics (Notes 1 , 2) 

The following specifications apply for Vqd = 5V, Rl = 8ft unjess otherwise specified. Limits apply for T& = 25°C. 


Symbol 

Parameter 

Conditions 

LM4860 

Units 

(Limits) 

Typical 
(Note 6) 

Limit 
(Note 7) 

Vdd 

Supply Voltage 



2.7 

V (min) 





5.5 

V (max) 

>dd 

Quiescent Power Supply Current 

Vo = ov, l 0 = 0A (Note 8) 

7.0 

15.0 

mA (max) 

IsD 

Shutdown Current 

Vpin2 = Vdd (Note 9) 

0.6 


jmA 

Vos 

Output Offset Voltage * 

> 

o 

II 

z 

> 

5.0 


mV (max) 

Po 

Output Power 

THD + N p?v1 % (max); f = 1 kHz 

1.15 

1.0 

W (min) 

THD+N 

Total Harmonic Distortion -h Noise 

P 0 = 1 Wrms; 20 Hz £ f £ 20 kHz 

072 


% 

PSRR 

Power Supply Rejection Ratio 

V DD = 4.9V to 5.1V 

65 


dB 

V od 

Output Dropout Voltage 

V, N = 0Vto5V,V od = (V o i -V o2 ) 

0.6 

1.0 

V (max) 

VlH 

HP-IN High (nput Voltage 

HP-SENSE = 0V to 4V 

2.5 



Vil 

HP-IN Low Input Voltage 

HP-SENSE = 4V to 0V 

2.5 



VoH 

HP-SENSE High Output Voltage 

lo = 500 ju,A 

2.8 

2.5 


VOL 

HP-SENSE Low Output Voltage 

Iq = ~500 jaA 

0.2 

0.8 

V (max) 


Note 1: All voltages are measured with respect to the ground pins, unless otherwise specified. 

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to, the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are riot guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. #ja» and the ambient temperature Ta- The maximum 
allowable power dissipation is Pdmax = (Tjmax ~ t a)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For the LM4860, Tjmax = 
+ 150°C, and the typical junction-to-ambient thermal resistance, when board mounted, is lOO'C/W. 

Note 4: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 5: Machine Model, 200 pF-240 pF discharged through all pins. 

Note 6: Typicals are measured at 25°C and represent the parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The quiescent power supply current depends on the offset voltage when a practical load is connected to the amplifier. 

Note 9: Shutdown current has a wide distribution. For Power Management sensitive designs, contact your local National Semiconductor Sales Office. 
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High Gain Application Circuit 


Cf 


Audio 

Input 



*L 

sn 


FIGURE 2. Stereo Amplifier with Avd = 20 


TL/H/ 11980-3 


Single Ended Application Circuit 


Rf 



FIGURE 3. Single-Ended Amplifier with A v = - 1 


TL/H/1 1988-4 


*C S and Cb size depend on specific application requirements and constraints. Typical values of Cs and Cb are 0.1 ju.F. 

**Pin 2, 6, or 7 should be connected to Vqd to disable the amplifier or to GND to enable the amplifier. These pins should not be left floating. 
** "These components create a “dummy” load for pin 8 for stability purposes. 
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External Components Description (Figures 1, 2) 

Components Functional Description 

1 . Rj Inverting input resistance which sets the closed-loop gain in conjunction with Rf. This resistor also forms a high 

pass filter with Q at fp = 1 /(2?r Rj Cj). 

2. Cj Input coupling capacitor which blocks DC voltage at the amplifier’s input terminals. Also creates a highpass filter 

with R; at f c = 1/(2 t r Rj Cj). 

3. Rf Feedback resistance which sets closed-loop gain in conjunction with Rj. 

4. Cs Supply bypass capacitor which provides power supply filtering. Refer to the Application Information section for 

proper placement and selection of supply bypass capacitor. 

5. Cb Bypass pin capacitor which provides half supply filtering. Refer to Application Information section for proper 

placement and selection of bypass capacitor. 

6. Cf * Used when a differential gain of over 1 0 is desired. Cf in conjunction with Rf creates a low-pass filter which 

bandwidth limits the amplifier and prevents high frequency oscillation bursts, fc = 1 /{2tt Rf Cf) 

•Optional component dependent upon specific design requirements. Refer to the Application Information section for more in formation. 


Typical Performance Characteristics 


THD+N vs Frequency THD+N vs Frequency THD+N vs Frequency 



FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz) 


THD+N vs Output Power THD+N vs Output Power THD+N vs Output Power 



OUTPUT POWER (W) OUTPUT POWER (W) OUTPUT POWER (W) 

TL/H/1 1988-5 
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Application Information 

BRIDGE CONFIGURATION EXPLANATION 

As shown in Figure /, the LM4860 has two operational am- 
plifiers internally, allowing for a few different amplifier con- 
figurations. The first amplifier’s gain is externally configura- 
ble, while the second amplifier is internally fixed in a unity- 
gain, inverting configuration. The closed-loop gain of the 
first amplifier is set by selecting the ratio of Rf to Rj while the 
second amplifier’s gain is fixed by the two internal 40 kfl 
resistors. Figure 1 shows that the output of amplifier one 
serves as the input to amplifier two which results in both 
amplifiers producing signals identical in magnitude, but out 
of phase 180°, Consequently, the differential gain for the 1C 
is: 

A vd = 2 * (Rf/Rj) 

By driving the load differentially through outputs Vqi and 
Vq 2 , an amplifier configuration commonly referred to as 
“bridged mode” is established. Bridged mode operation is 
different from the classical single-ended amplifier configura- 
tion where one side of its load is connected to ground. 

A bridge amplifier design has a few distinct advantages over 
the single-ended configuration, as it provides differential 
drive to the load, thus doubling output swing for a specified 
supply voltage. Consequently, four times the output power 
is possible as compared to a single-ended amplifier under 
the same conditions. This increase in attainable output pow- 
er assumes that the amplifier is not current limited or 
clipped. In order to choose an Amplifier’s closed-loop gain 
without causing excessive clipping which will damage high 
frequency transducers used in loudspeaker systems, please 
refer to the Audio Power Amplifier Design section. 

A bridge configuration, such as the one used in Boomer 
Audio Power Amplifiers, also creates a second advantage 
over single-ended amplifiers. Since the differential outputs, 
Voi and Vo 2 > are biased at half-supply, no net DC voltage 
exists across the load. Thjs eliminates the need for an out- 
put coupling capacitor vyhich is required in a single supply, 
single-ended amplifier configuration. Without an output cou- 
pling capacitor in a single supply single-ended amplifier, the 
half-supply bias across the load would result in both in- 
creased internal 1C power dissipation and also permanent 
loudspeaker damage. An output coupling capacitor forms a 
high pass filter with the load requiring that a large value 
such as 470 juF be used with an 8H load to preserve low 
frequency response. This combination does not produce a 
flat response down to 20 Hz, but does offer a compromise 
between printed circuit board size and system cost, versus 
low frequency response. 

POWER DISSIPATION 

Power dissipation is a major concern when designing a suc- 
cessful amplifier, whether the amplifier is bridged or single- 
ended. A direct consequence of the increased power deliv- 
ered to the load by a bridge amplifier is an increase in inter- 
nal power dissipation. Equation 1 states the maximum pow- 
er dissipation point for a bridge amplifier operating at a giv- 
en supply voltage and driving a specified output load. 

PdMAX = 4*(Vdd) 2 /(2tt2R L) (1) 

Since the LM4860 has two operational amplifiers in one 
package, the maximum internal power dissipation is 4 times 
that of a single-ended amplifier. Even with this substantial 
increase in power dissipation, the LM4860 does not require 


heatsinking. From Equation 1, assuming a 5 V power supply 
and an 8H load, the maximum power dissipation point is 
625 mW. The maximum power dissipation point obtained 
from Equation 1 must not be greater than the power dissipa- 
tion that results from Equation 2: 

Pdmax = (Tjmax - T a )/0ja (2) 

For the LM4860 surface mount package, 0j A = 100°C/W 
and Tjmax = 1 50°C. Depending on the ambient tempera- 
ture, T a , of the system surroundings, Equation 2 can be 
used to find the maximum internal power dissipation sup- 
ported by the 1C packaging. If the result of Equation 1 is 
greater than that of Equation 2, then either the supply volt- 
age must be decreased or the load impedance increased. 
For the typical application of a 5 V power supply, with an 8a 
load, the maximum ambient temperature possible without 
violating the maximum junction temperature is approximate- 
ly 88°C, provided that device operation is around the maxi- 
mum power dissipation point. Power dissipation is a function 
of output power and thus, if typical operation is not around 
the maximum power dissipation point, the ambient tempera- 
ture can be increased. Refer to the Typical Performance 
Characteristics curves for power dissipation information for 
lower output powers. 

POWER SUPPLY BYPASSING 

As with any power amplifier, proper supply bypassing is crit- 
ical for low noise performance and high power supply rejec- 
tion. The capacitor location on both the bypass and power 
supply pins should be as close to the device as possible. As 
displayed in the Typical Performance Characteristics 
section, the effect of a larger half-supply bypass capacitor is 
improved low frequency THD+ N due to increased half-sup- 
ply stability. Typical applications employ a 5V regulator with 
10 jaF and a 0.1 juF bypass capacitors which aid in supply 
stability, but do not eliminate the need for bypassing the 
supply nodes of the LM4860. The selection of bypass ca- 
pacitors, especially Cb, is thus dependant upon desired low 
frequency THD+N, system cost, and size constraints. 

SHUTDOWN FUNCTION 

In order to reduce power consumption while not in use, the 
LM4860 contains a shutdown pin to externally turn off the 
amplifier’s bias circuitry. The shutdown feature turns the 
amplifier off when a logic high is placed on the shutdown 
pin. Upon going into shutdown, the output is immediately 
disconnected from the speaker. There is a built-in threshold 
which produces a drop in quiescent current to 500 jaA typi- 
cally. For a 5V power supply, this threshold occurs when 
2V-3V is applied to the shutdown pin. A typical quiescent 
current of 0.6 jx A results when the supply voltage is applied 
“to the shutdown pin. In many applications, a microcontroller 
or microprocessor output is used to control the shutdown 
circuitry which provides a quick, smooth transition into shut- 
down. Another solution is to use a single-pole, single-throw 
switch that when closed, is connected to ground and en- 
ables the amplifier. If the switch is open, then a soft pull-up 
resistor of 47 kn will disable the LM4860. There are no soft 
pull-down resistors inside the LM4860, so a definite shut- 
down pin voltage must be appliied externally, or the internal 
logic gate will be left floating which could disable the amplifi- 
er unexpectedly. 
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Application Information (Continued) 

HEADPHONE CONTROL INPUTS 

The LM4860 possesses two headphone control inputs that 
disable the amplifier and reduce Iqd to less than 1 mA when 
either one or both of these inputs have a logic-high voltage 
placed on their pins. 

Unlike the shutdown function, the headphone control func- 
tion does not provide the level of current conservation that 
is required for battery powered systems. Since the quies- 
cent current resulting from the headphone control function 
is 1000 times more than the shutdown function, the residual 
currents in the device may create a pop at the output when 
coming out of the headphone control mode. The pop effect 
may be eliminated by connecting the headphone sensing 
output to the shutdown pin input as shown in Figure 4. This 
solution will not only eliminate the output pop, but will also 
utilize the full current conservation of the shutdown function 
by reducing Iqd to 0.6 f*A- The amplifier will then be fully 
shutdown. This configuration also allows the designer to 
use the control inputs as either two headphone control pins 
or a headphone control pin and a shutdown pin where the 
lowest level of current consumption is obtained from either 
function. 

Figure 5 shows the implementation of the LM4860’s head- 
phone control function using a single-supply headphone 
amplifier. The voltage divider of R1 and R2 sets the voltage 
at the HP-IN1 pin to be approximately 50 mV when there are 
no headphones plugged into the system. This logic-low volt- 
age at the HP-IN1 pin enables the LM4860 to amplify AC 
signals. Resistor R3 limits the amount of current flowing out 
of the HP-IN1 pin when the voltage at that pin goes below 
ground resulting from the music coming from the head- 
phone amplifier. The output coupling cap protects the head- 
phones by blocking the amplifier’s half-supply DC voltage. 
The capacitor also protects the headphone amplifier from 
the low voltage set up by resistors R1 and R2 when there 
aren’t any headphones plugged into the system. The tricky 
point to this setup is that the AC output voltage of the head- 
phone amplifier cannot exceed the 2.0V HP-IN1 voltage 
threshold when there aren’t any headphones plugged into 
the system, assuming that R1 and R2 are 100k and Ik, 
respectively. The LM4860 may not be fully shutdown when 
this level is exceeded momentarily, due to the discharging 
time constant of the bias-pin voltage. This time constant is 
established by the two 50k resistors (in parallel) with the 
series bypass capacitor value. 


When a set of headphones are plugged into the system, the 
contact pin of the headphone jack is disconnected from the 
signal pin, interrupting the voltage divider set up by resistors 
R1 and R2. Resistor R1 then pulls up the HP-IN1 pin, en- 
abling the headphone function and disabling the LM4860 
amplifier. The headphone amplifier then drives the head- 
phones, whose impedance is in parallel with resistor R2. 
Since the typical impedance of headphones are 320, resis- 
tor R2 has negligible effect on the output drive capability. 
Also shown in Figure 5 are the electrical connections for the 
headphone jack and plug. A 3-wire plug consists of a Tip, 
Ring, and Sleave, where the Tip and Ring are signal carry- 
ing conductors and the Sleave is the common ground re- 
turn. One control pin contact for each headphone jack is 
sufficient to indicate to control inputs that the user has in- 
serted a plug into a jack and that another mode of operation 
is desired. 

For a system implementation where the headphone amplifi- 
er is designed using a split supply, the output coupling cap, 
Cc and resistor R2 of Figure 5, can be eliminated. The func- 
tionality described earlier remains the same, however. 

In addition, the HP-SENSE pin, although it may be connect- 
ed to the SHUTDOWN pin as shown in Figure 4, may still be 
used as a control flag. It is capable of driving the input to 
another logic gate or approximately 2 mA without serious 
loading. 


6 

LM4860 

HP— IN 1 u _ 
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** 
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c 

SHUTDOWN 




FIGURE 4. HP-SENSE Pin to 
SHUTDOWN Pin Connection 
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Application Information (Continued) 



FIGURE 5. Typical Headphone Control Input Circuitry 
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Application Information (Continued) 

HIGHER GAIN AUDIO AMPLIFIER 

The LM4860 is unity-gain stable and requires no external 
components besides gain-setting resistors, an input cou- 
pling capacitor, and proper supply bypassing in the typical 
application. However if a closed-loop differential gain of 
greater than 10 is required, then a feedback capacitor is 
needed, as shown in Figure 2, to bandwidth limit the amplifi- 
er. The feedback capacitor creates a low pass filter that 
eliminates unwanted high frequency oscillations. Care 
should be taken when calculating the -3 dB frequency in 
that an incorrect combination of Rf and Cf will cause rolloff 
before 20 kHz. A typical combination of feedback resistor 
and capacitor that will not produce audio band high frequen- 
cy rolloff is Rf = 100 kft and Cf = 5 pF. These components 
result in a -3 dB point of approximately 320 kHz. Once the 
differential gain of the amplifier has been calculated, a 
choice of Rf will result, and Cf can then be calculated from 
the formula stated in the External Components Descrip- 
tion section. 

VOICE-BAND AUDIO AMPLIFIER 

Many applications, such as telephony, only require a voice- 
band frequency response. Such an application usually re- 
quires a flat frequency response from 300 Hz to 3.5 kHz. By 
adjusting the component values of Figure 2, this common 
application requirement can be implemented. The combina- 
tion of Rj and Cj form a highpass filter while Rf and Cf form a 
lowpass filter. Using the typical voice-band frequency range, 
with a passband differential gain of approximately 1 00, the 
following values of Rj, Cj, Rf, and Cf follow from the equa- 
tions stated in the External Components Description sec- 
tion. 

Rj = 10 kn, Rf = 510k, Cj = 0.22 juF, and Cf = 15 pF 
Five times away from a -3 dB point is 0.17 dB down from 
the flatband response. With this selection of components, 
the resulting -3 dB points, f|_ and fn, are 72 Hz and 20 kHz, 
respectively, resulting in a flatband frequency response of 
better than ±0.25 dB with a rolloff of 6 dB/octave outside 
of the passband. If a steeper rolloff is required, other com- 
mon bandpass filtering techniques can be used to achieve 
higher order fitters. 

SINGLE-ENDED AUDIO AMPLIFIER 

Although the typical application for the LM4860 is a bridged 
monoaural amp, it can also be used to drive a load single- 
endedly in applications, such as PC cards, which require 
that one side of the load is tied to ground. Figure 3 shows a 
common single-ended application, where Vqi is used to 
drive the speaker. This output is coupled through a 470 jjlF 
capacitor, which blocks the half-supply DC bias that exists 
in all single-supply amplifier configurations. This capacitor, 
designated Cq in Figure 3, in conjunction with R|_, forms a 
highpass filter. The -3 dB point of this highpass filter is 
1/(27tRlCo), so care should be taken to make sure that the 
product of R|_ and Cq is large enough to pass low frequen- 
cies to the load. When driving an 8fl load, and if a full audio 
spectrum reproduction is required, Co should be at least 
470 jaF. Vq 2 . the output that is not used, is connected 


through a 0.1 jaF capacitor to a 2 kn load to prevent insta- 
bility. While such an instability will not affect the waveform 
of Vqi, it is good design practice to load the second output. 

AUDIO POWER AMPLIFIER DESIGN 


Design a 500 mW/8fl Audio Amplifier 


Given: 

Power Output 
Load Impedance 
Input Level 
Input Impedance 
Bandwidth 


500 mWrms 
8fl 


1 Vrms(max) 

20 kn 

20 Hz-20 kHz ±0.25dB 


A designer must first determine the needed supply rail to 
obtain the specified output power. Calculating the required 
supply rail involves knowing two parameters, V ope ak and 
also the dropout voltage. The latter is typically 0.7V. V opea |< 
can be determined from equation 3. 

Vopeak = V(2R[P5r (3) 

For 500 mW of output power into an 8H load, the required 
Vopeak is 2.83V. A minimum supply rail of 3.53V results from 
adding V opea k and V oc j. But 3.53V is not a standard voltage 
that exists in many applications and for this reason, a supply 
rail of 5V is designated. Extra supply voltage creates dy- 
namic headroom that allows the LM4860 to reproduce 
peaks in excess of 500 mW without clipping the signal. At 
this time, the designer must make sure that the power sup- 
ply choice along with the output impedance does not violate 
the conditions explained in the Power Dissipation section. 
Once the power dissipation equations have been ad- 
dressed, the required differential gain can be determined 
from Equation 4. 

A vd i 2 * V(P 0 Rl) /(V| N ) ~ V orms /Vj nrms (4) 
Rf/Rj = A vd /2 (5) 

From equation 4, the minimum A VC | is: A VC | = 2 

Since the desired input impedance was 20 kn, and with an 
A vd of 2, a ratio of 1:1 of Rf to Rj results in an allocation of 
Rj = Rf = 20 kH. Since the A vd was less than 10, a feed- 
back capacitor is not needed. The final design step is to 
address the bandwidth requirements which must be stated 
as a pair of -3 dB frequency points. Five times away from a 
-3 dB point is 0.17 dB down from passband response 
which is better than the required ± 0.25 dB specified. This 
fact results in a low and high frequency pole of 4 Hz and 
100 kHz respectively. As stated in the External Compo- 
nents section, Rj in conjunction with Cj create a highpass 
filter. 


Cj ^ 1 /(2tt * 20 kft *4 Hz) = 1 .98 /xF; use 2.2 jmF. 

The high frequency pole is determined by the product of the 
desired high frequency pole, fn, and the differential gain, 
A VC |. With a A V d = 2 and fn = 100 kHz, the resulting GBWP 
= 100 kHz which is much smaller than the LM4860 GBWP 
of 7 MHz. This figure displays that if a designer has a need 
to design an amplifier with a higher differential gain, the 
LM4860 can still be used without running into bandwidth 
problems. 
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National Semiconductor , 

LM4861 Boomer® Audio Power Amplifier Series 

y 2 W Audio Power Amplifier with Shutdown Mode 

Key Specifications 

■ THD+N at 500 mW continuous average 

output power into 8H 1 %■ (max) 

■ Instantaneous peak output power >1W 

■ Shutdown current 0.6 jaA (typ) 


Boomer audio power amplifiers were designed specifically 
to provide high quality output power with a minimal amount 
of external components using surface mount packaging. 
Since the LM4861 does not require output coupling capaci- 
tors, bootstrap capacitors, or snubber networks, it is opti- 
mally suited for low-power portable systems. 

The LM4861 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal 
shutdown protection mechanism. 

The unity-gain stable LM4861 can be configured by external 
gain-setting resistors for differential gains of 1 to 10 without 
the use of external compensation components. 


Typical Application Connection Diagram 


Features 

■ No output coupling capacitors, bootstrap capacitors, or 
snubber circuits are necessary 

■ Small Outline (SO) packaging 

■ Compatible with PC power supplies 

■ Thermal shutdown protection circuitry 

■ Unity-gain stable 

■ External Gain Configuration Capability 

Applications 

■ Personal computers 

■ Portable consumer products 

■ Cellular phones 

■ Self-powered speakers 

■ Toys and games 


General Description 

The LM4861 is a bridge-connected audio power amplifier 
capable of delivering 500 mW of continuous average power 
to an 8ft load with less than 1% (THD+N) over the audio 
spectrum using a 5V power supply. 




TL/H/1 1986-1 


FIGURE 1. Typical Audio Amplifier Application Circuit 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage 6.0V 

Storage T emperature - 65°C to + 1 50°C 

Input Voltage -0.3V to Vqd + 0.3 V 

Power Dissipation (Note 3) Internally limited 

ESD Susceptibility (Note 4) 3000V 

ESD Susceptibility (Note 5) 250V 

Junction T emperature 1 50°C 


Soldering Information 
Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220°C 

See AN-450 “Surface Mounting and their Effects on Prod- 
uct Reliability” for other methods of soldering surface 
mount devices. 

Operating Ratings 

Temperature Range 

TmIN^T a ^T max — 20°C £ T A ^ +85°C 

Supply Voltage 2.7V ^ Vqd ^ 5.5V 


Electrical Characteristics (Notes 1 , 2) 

The following specifications apply for Vqd = 5V, Rl = 8H unless otherwise specified. Limits apply for Ta = 25°C. 


Symbol 

Parameter 

Conditions 




BSS!S9 

VdD 

Supply Voltage 




V (min) 






V (max) 

•dd 

Quiescent Power Supply Current 

Vin = 0V, l 0 = 0A (Note 8) 

6.5 

10.0 

mA (max) 

>SD 

Shutdown Current 

Vpjni = V DD (Note 9) 

0.6 


fiA 

Vos 

Output Offset Voltage 

> 

o 

II 

z 

> 

5.0 

50.0 

mV (max) 

Po 

Output Power 

THD+N = 1% (max); f = 1 kHz 


0.50 

W (min) 

THD+N 

Total Harmonic Distortion + Noise 

P 0 = 500 mWrms; 20 Hz £ f £ 20 kHz 

0.45 


% 

PSRR 

Power Supply Rejection Ratio 

V DD = 4.9V to 5.1V 

65 


dB 


Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified. 

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. #ja. and the ambient temperature Ta. The maximum 
allowable power dissipation is Pdmax = (Tjmax ~ t a)/#ja or the number given in the Absolute Maximum Ratings, whichever is lower. For the LM4861, T JMA x = 
150°C, and the typical junction-to-ambient thermal resistance, when board mounted, is 170°C/W. 

Note 4: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 5: Machine Model, 220 pF-240 pF discharged through all pins. 

Note 6: Typicals are measured at 25°C and represent the parametric norm. 

Note 7: Limits are guaranteed to Nationai’s AOQL (Average Outgoing Quality Level). 

Note 8: The quiescent power supply current depends on the offset voltage when a practical load is connected to the amplifier. 

Note 9: Shutdown current has a wide distribution. For power management sensitive designs, contact your local National Semiconductor Sales Office. 
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High Gain Application Circuit 





FIGURE 2. Audio Amplifier with A V d = 20 


Single Ended Application Circuit 



FIGURE 3. Single-Ended Amplifier with A v = - 1 


*C S and Cb size depend on specific application requirements and constraints. Typical vaiues of Cs and Cb are 0.1 fxF. 

•Pin 1 should be connected to Vqd to disable the amplifier or to GND to enable the amplifier. This pin should not be left floating. 
•These components create a “dummy” load for pin 8 for stability purposes. 





6. Cf* Used when a differential gain of over 1 0 is desired. Cf in conjunction with Rf creates a low-pass filter which 
bandwidth limits the amplifier and prevents high frequency oscillation bursts, fc = 1 /(27 t Rf Cf) 

•Optional component dependent upon specific design requirements. Refer to the Application Information section for more information. 


Typical Performance Characteristics 


THD + N vs Frequency 

j 0.44519 b 111 i = =Jl'.Q 2573 k : Ap 


THD + N vs Frequency 

-44& o.i = i -o MPf-f - m 


THD + N vs Frequency 


=0.1 pF / (^ = i.0/ t rp 


z: ^ = 500 mw/ 8 ft, 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 


— "ffi fflF - " ' ’ ipo=500 mW/8n, 

v D d =+ 5v < 

[[limn l| Hi Ay d = 10 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 


— = :: ffil Po = 500 mW/ a n, 

z:::| Vd ^ =+5 2 v o 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 


THD+N vs Output Power 


THD + N vs Output Power 


THD+ N vs Output Power 
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Typical Performance Characteristics (Continued) 


Supply Current vs Time 
in Shutdown Mode 
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Application Information 

BRIDGE CONFIGURATION EXPLANATION 

As shown in Figure 1, the LM4861 has two operational am- 
plifiers internally, allowing for a few different amplifier con- 
figurations. The first amplifier’s gain is externally configura- 
ble, while the second amplifier is internally fixed in a unity- 
gain, inverting configuration. The closed-loop gain of the 
first amplifier is set by selecting the ratio of Rf to Rj while the 
second amplifier’s gain is fixed by the two internal 40 kft 
resistors. Figure 1 shows that the output of amplifier one 
serves as the input to amplifier two which results in both 
amplifiers producing signals identical in magnitude, but out 
of phase 180°. Consequently, the differential gain for the 1C 
is: 

A vd = 2 * (Rf/Rj) 

By driving the load differentially through outputs Vqi and 
V 02 * an amplifier configuration commonly referred to as 
“bridged mode” is established. Bridged mode operation is 
different from the classical single-ended amplifier configura- 
tion where one side of its load is connected to ground. 

A bridge amplifier design has a few distinct advantages over 
the single-ended configuration, as it provides differential 
drive to the load, thus doubling output swing for a specified 
supply voltage. Consequently, four times the output power 
is possible as compared to a single-ended amplifier under 
the Same conditions. This increase in attainable output pow- 
er assumes that the amplifier is not current limited or 
clipped. In order to choose an amplifier’s closed-loop gain 
without causing excessive clipping which will damage high 
frequency transducers used in loudspeaker systems, please 
refer to the Audio Power Amplifier Design section. 

A bridge configuration, such as the one used in Boomer 
Audio Power Amplifiers, also creates a second advantage 
over single-ended amplifiers. Since the differential outputs, 
Vqi and Vo 2 » are biased at half-supply, no net DC voltage 
exists across the load. This eliminates the need for an out- 
put coupling capacitor which is required in a single supply, 
single-ended amplifier configuration. Without an output cou- 
pling capacitor in a single supply, single-ended amplifier, the 
half-supply bias across the load would result in both in- 
creased internal 1C power dissipation and also permanent 
loudspeaker damage. An output coupling capacitor forms a 
high pass filter with the load requiring that a large value 
such as 470 jmF be used with an 8ft load to preserve low 
frequency response. This combination does not produce a 
flat response down to 20 Hz, but does offer a compromise 
between printed circuit board size and system cost, versus 
low frequency response. 

POWER DISSIPATION 

Power dissipation is a major concern when designing a suc- 
cessful amplifier, whether the amplifier is bridged or single- 
ended. A direct consequence of the increased power deliv- 
ered to the load by a bridge amplifier is an increase in inter- 
nal power dissipation. Equation 1 states the maximum pow- 
er dissipation point for a bridge amplifier operating at a giv- 
en supply voltage and driving a specified output load. 

PDMAX = 4*(V DD )2/(27r2RL) (1) 

Since the LM4861 has two operational amplifiers in one 
package, the maximum internal power dissipation is 4 times 
that of a single-ended amplifier. Even with this substantial 


increase in power dissipation, the LM4861 does not require 
heatsinking. From Equation 1 , assuming a 5V power supply 
and an 8ft load, the maximum power dissipation point is 
625 mW. The maximum power dissipation point obtained 
from Equation 1 must not be greater than the power dissipa- 
tion that results from Equation 2: 

Pdmax = (Tjmax “ T A )/0ja (2) 

For the LM4861 surface mount package, 0 ja = 170°C/W 
and Tjmax = 150°C. Depending on the ambient tempera- 
ture, Ta, of the system surroundings, Equation 2 can be 
used to find the maximum internal power dissipation sup- 
ported by the 1C packaging. If the result of Equation 1 is 
greater than that of Equation 2, then either the supply volt- 
age must be decreased or the load impedance increased. 
For the typical application of a 5V power supply, with an 8ft 
load, the maximum ambient temperature possible without 
violating the maximum junction temperature is approximate- 
ly 44° C provided that device operation is around the maxi- 
mum power dissipation point. Power dissipation is a function 
of output power and thus, if typical operation is not around 
the maximum power dissipation point, the ambient tempera- 
ture can be increased. Refer to the Typical Performance 
Characteristics curves for power dissipation information for 
lower output powers. 

POWER SUPPLY BYPASSING 

As with any power amplifier, proper supply bypassing is crit- 
ical for low noise performance and high power supply rejec- 
tion. The capacitor location on , both the bypass and power 
supply pins should be as close to the device as possible. As 
displayed in the Typical Performance Characteristics 
section, the effect of a larger half supply bypass capacitor is 
improved low frequency THD + N due to increased half- 
supply stability. Typical applications employ a 5V regulator 
with 10 jmF and a 0.1 juF bypass capacitors which aid in 
supply stability, but do not eliminate the need for bypassing 
the supply nodes of the LM4861 . The selection of bypass 
capacitors, especially Cq, is thus dependant upon desired 
low frequency THD + N, system cbst, and size constraints. 

SHUTDOWN FUNCTION 

In order to reduce power consumption while not in use, the 
LM4861 contains a shutdown pin to externally turn off the 
amplifier’s bias circuitry. The shutdown feature turns the 
amplifier off when a logic high is placed on the shutdown 
pin. Upon going into shutdown, the output is immediately 
disconnected from the speaker. There is a built-in threshold 
which produces a drop in quiescent current to 500 jmA typi- 
cally. For a 5V power supply, this threshold occurs when 2V- 
3V is applied to the shutdown pin. A typical quiescent cur- 
rent of 0.6 jaA results when the supply voltage is applied to 
the shutdown pin. In many applications, a microcontroller or 
microprocessor output is used to control the shutdown cir- 
cuitry which provides a quick, smooth transition into shut- 
down. Another solution is to use a single-pole, single-throw 
switch that whert closed, is connected to ground and en- 
ables the amplifier. If the switch is open, then a soft pull-up 
resistor of 47 kft will disable the LM4861 . There are no soft 
pull-down resistors inside the LM4861, so a definite shut- 
down pin voltage must be applied externally, or the internal 
logic gate will be left floating which could disable the amplifi- 
er unexpectedly. 
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Application information (Continued) 

HIGHER GAIN AUDIO AMPLIFIER 

The LM4861 is unity-gain stable and requires no external 
components besides gain-setting resistors, an input cou- 
pling capacitor, and proper supply bypassing in the typical 
application. However, if a closed-loop differential gain of 
greater than 10 is required, then a feedback capacitor is 
needed, as shown in Figure 2, to bandwidth limit the amplifi- 
er. This feedback capacitor creates a low pass filter that 
eliminates unwanted high frequency oscillations. Care 
should be taken when calculating the —3 dB frequency in 
that an incorrect combination of Rf and Cf will cause rolloff 
before 20 kHz. A typical combination of feedback resistor 
and capacitor that will not produce audio band high frequen- 
cy rolloff is Rf = 100 kft and Cf = 5 pF. These components 
result in a -3 dB point of approximately 320 kHz. Once the 
differential gain of the amplifier has been calculated, a 
choice Of Rf will result, and Cf can then be calculated from 
the formula stated in the External Components Descrip- 
tion section. 

Voice-band audio amplifier 

Many applications, such as telephony, only require a voice- 
band frequency response. Such an application usually re- 
quires a flat frequency response from 300 Hz to 3.5 kHz. By 
adjusting the component values of Figure 2 , this common 
application requirement can be implemented. The combina- 
tion of R-, and C-, form a highpass filter while Rf and Cf form a 
lowpass filter. Using the typical voice-band frequency range, 
with a passband differential gain of approximately 100, the 
following values of Rj, Q, Rf, and Cf follow from the equa- 
tions stated in the External Components Description sec- 
tion. 

Ri —10 kft, R f = 510k ,C| = 0.22 juF, and C f = 15 pF 
Five times away from a — 3 dB point is 0.17 dB down from 
the flatband response. With this selection of components, 
the resulting -3 dB points, f|_ and fn, are 72 Hz and 20 kHz, 
respectively, resulting in a flatband frequency response of 
better than ±0.25 dB with a rolloff of 6 dB/octave outside 
of the passband. If a steeper rolloff is required, other com- 
mon bandpass filtering techniques can be used to achieve 
higher order filters. 

SINGLE-ENDED AUDIO AMPLIFIER 

Although the typical application for the LM4861 is a bridged 
monoaural amp, it can also be used to drive a load single- 
endedly in applications, such as PC cards, which require 
that one side of the load is tied to ground. Figure 3 shows a 
common single-ended application, where Voi is used to 
drive the speaker. This output is coupled through a 470 jaF 
capacitor, which blocks the half-supply DC bias that exists 
in all single-supply amplifier configurations. This capacitor, 
designated Cq in Figure 3 , in conjunction with R|_, forms a 
highpass filter. The -3 dB point of this high pass filter is 
1 / (27rR|_Co), so care should be taken to make sure that the 
product of R|_ and Cq is large enough to pass low frequen- 
cies to the load. When driving an 8ft load, and if a full audio 
spectrum reproduction is required, Cq should be at least 
470 juF. Vq 2 . the output that is not used, is connected 
through a 0.1 juF capacitor to a 2 kft load to prevent insta- 
bility. While such an instability will not affect the waveform 
of Vqi, ^ is Stood design practice to load the second output. 


AUDIO POWER AMPLIFIER DESIGN 
Design a 500 mW / 8ft Audio Amplifier 


Given: 

Power Output 
Load Impedance 
Input Level 
Input Impedance 
Bandwidth 


500 mWrms 
8ft 


1 Vrms(max) 
20 kft 

20 Hz-20 kHz ±0.25 dB 


A designer must first determine the needed supply rail to 
obtain the specified output power. Calculating the required 
supply rail involves knowing two parameters, V ope ak and 
also the dropout voltage. The latter is typically 0.7 V. V ope ak 
can be determined from equation 3. 

Vopeak = V(2RiPo) (3) 

For 500 mW of output power into an 8ft load, the required 
Vopeak is 2.83V. A minumum supply rail of 3.53V results 
from adding V opea k and V od . But 3.53V is not a standard 
voltage that exists in many applications and for this reason, 
a supply rail of 5V is designated. Extra supply voltage cre- 
ates dynamic headroom that allows the LM4861 to repro- 
duce peaks in excess of 500 mW without clipping the signal. 
At this time, the designer must make sure that the power 
supply choice along with the output impedance does not 
violate the conditions explained in the Power Dissipation 
section. 

Once the power dissipation equations have been ad- 
dressed, the required differential gain can be determined 
from Equation 4. 


A vd ^2* #5 R[)/(V,n) ~ V orms /Vj nrms (4) 

Rf/Ri = A vd /2 (5) 

From equation 4, the minimum A v ^ is: A VC | = 2 
Since the desired input impedance was 20 kft, and with a 
A vd of 2, a ratio of 1:1 of Rf to Rj results in an allocation of 
Rj = Rf = 20 kft. Since the A vd was less than 10, a feed- 
back capacitor is not needed. The final design step is to 
address the bandwidth requirements which must be stated 
as a pair of -3 dB frequency points. Five times away from a 
-3 db point is 0.17 dB down from passband response 
which is better than the required ± 0.25 dB specified. This 
fact results In a low and high frequency pole of 4 Hz and 
100 kHz respectively. As stated in the External Compo- 
nents section, Rj in conjunction with Cj create a highpass 
filter. 

Cj ;> 1 / (27t* 20 kft*4 Hz) = 1 .98 jaF; use 2.2 jutF. 

The high frequency pole is determined by the product of the 
desired high frequency pole, fn, and the differential gain, 
A vd . With a A vd = 2 and fn = 100 kHz, the resulting GBWP 
= 100 kHz which is much smaller than the LM4861 GBWP 
of 7 MHz. This figure displays that if a designer has a need 
to design an amplifier with a higher differential gain, the 
LM4861 can still be used without funning into bandwidth 
problems. 
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onal Semiconductor 


PRELIMINARY 


LM4862 Boomer® Audio Power Amplifier Series 

350 mW Audio Power Amplifier with Shutdown Mode 

) 

Key Specifications 


General Description 

The LM4862 is a bridge-connected audio power amplifier 
capable of delivering 350 mW of continuous average power 
to an 8ft load with less than 1 % (THD + N) over the audio 
spectrum using a 5V power supply. 

Boomer audio power amplifiers were designed specifically 
to provide high quality output power with a minimal amount 
of external components. Since the LM4862 does not require 
output coupling capacitors, bootstrap capacitors, or snubber 
networks, it is optimally suited for low-power portable sys- 
tems. 

The LM4862 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal 
shutdown protection mechanism. 

The unity-gain stable LM4862 can be configured by external 
gain-setting resistors. 


■ THD + N at 350 mW continuous average 

output power into 8ft 1 % (max) 

■ Instantaneous peak output power >0.5W 

■ Shutdown Current 0.7 jllA (typ) 

Features 

■ No output coupling capacitors, bootstrap capacitors or 
snubber circuits are necessary 

■ Small Outline or DIP packaging 

■ Unity-gain stable 

■ External gain configuration capability 

■ Pin compatible with LM4861 

Applications 

■ Portable Computers 

■ Cellular Phones 

■ Toys and Games 


Typical Application 


Connection Diagram 



Small Outline and DIP Package 


SHUTDOWN 
BYPASS 
IN+ 

-IN 

TL/H/1 2342-2 

Top View 



Order Number LM4862M, LM4862N 
See NS Package Number M08A or 
N08E 
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LM4880 


National Semiconductor 


PRELIMINARY 


LM4880 Boomer® Audio Power Amplifier Series . y* 

Dual 200 mW Audio Power Amplifier with Shutdown Mode 


General Description 

The LM4880 is a dual audio power amplifier capable of de- 
livering 200 mW of continuous average power to an 8ft load 
with less than 0.1% (THD + N) using a 5V power supply. 
Boomer audio power amplifiers were designed specifically 
to provide high quality output power with a minimal amount 
of external components using surface mount packaging. 
Since the LM4880 does not require bootstrap capacitors or 
snubber networks, it is optimally suited for low-power porta- 
ble systems. 

The LM4880 features an externally controlled, low-power 
consumption shutdown mode, as well as an internal thermal 
shutdown protection mechanism. 

The unity-gain stable LM4880 can be configured by external 
gain-setting resistors. 


Key Specifications 

■ THD + N at 200 mW continuous average 

output power into 8ft 0.1% (max) 

■ THD + N at 75 mW continuous average 

output power into 32ft 0.1% (max) 

■ Shutdown Current 0.7 pA (typ) 

Features 

■ No bootstrap capacitors, or Snubber circuits are neces- 
sary 

■ Small Outline (SO) packaging 

■ Unity-gain stable 

■ External gain configuration capability 

Applications 

■ Headphone Amplifier 

■ Personal Computers 

■ CD-ROM Players 


Typical Application 


Connection Diagram 



8ft 


r l ; 

8ft 


Small Outline Package 



TL/H/12343-2 

Top View 


Order Number LM4880M 
See NS Package 
Number M08A 


TL/H/1 2343-1 
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Na t ion a l Semi 


conductor 


Audio Control 
Selection Guide 


Part 

Number 

Description 

# of 

Audio 

Channels 

Supply 

Range 

SNR 

(Typ) 

THD 

(Typ) 

Separation 

(Typ) 

Package 

(Pin 

Count) 

Communication 

Interface 

Additional 

Comments 

LM1036 

Dual DC Operated 
Tone/ Volume/ 
Balance Circuit 

2 

8V to 

18V 

80 dB 

0.05% 

75 dB 

Dip(20) 

DC Control 

Few External 
Components 
Required 

LM1971 

1 -Channel 
Digitally-Controlled 
Audio Attenuator 

1 

4.5V to 

12V 


0.001 % 

NA 

SO(8) 

Serial 

MICROWIRE 

“Clickless” 

Transitions 

LM1972N 

2-Channel 
Digitally-Controlled 
Audio Attenuator 

2 

4.5V to 

12V 

120 dB 

0.0008% 

110 dB 

Dip(20), 

SO(20) 

Serial 

MICROWIRE 

Daisy Chain 
Capability, 
“Clickless” 
Transitions 

LM1973N 

3-Channel 
Digitally-Controlled 
Audio Attenuator 

3 

4.5V to 

12V 

120 dB 

0.0008% 

110 dB 

Dip(20), 

SO(20) 

Serial 

MICROWIRE 

Daisy Chain 
Capability, 
“Clickless” 
Transitions 

LMC1982 

Digitally-Controlled 
Stereo Tone/ 
Volume/Balance 
Control 

4 


95 dB 

0.008% 

80 dB 

Dip(28), 

PLCC(28) 

Serial 

Intermetal 

Bus (IM) 

Two Selectable 
Stereo Inputs 
w/Stereo 

Enhance and 
Loudness Control 

LMC1983 

Digitally-Controlled 
Stereo Tone/ 
Volume/Balance 
Control 

6 

6V to 

12V 

95 dB 

0.008% 

80 dB 

Dip(28), 

PLCC(28) 

Serial 

Intermetal 

Bus (IM) 

Three Selectable 
Stereo Inputs 
w/ Loudness 

Control 

LMC1992 

Digitally-Controlled 
Stereo Tone/ 
Volume/Balance 
Control 

8 


105 dB 

0.03% 

95 dB 

Dip(28), 

PLCC(28) 

Serial 

MICROWIRE 

Four Selectable 
Stereo Inputs 
w/ Fader Control 

LMC835 

Digitally-Controlled 
7-Band Stereo 
Graphic Equalizer 

2 

5V to 

16V 

114 dB 

0.0015% 

NA 

Dip(28), 

PLCC(28) 

Serial 

±6 dB or ±12 dB 
Gain Ranges 
w/25 Steps Each 
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LM1036 


(y National Semiconductor 

LM1036 Dual DC Operated 
Tone/ Volume/Balance Circuit 


General Description 


The LM1036 is a DC controlled tone (bass/treble), volume 
and balance circuit for stereo applications in car radio, TV 
and audio systems. An additional control input allows loud- 
ness compensation to be simply effected. 

Four control inputs provide control of the bass, treble, bal- 
ance and volume functions through application of DC volt- 
ages from a remote control system or, alternatively, from 
four potentiometers which may be biased from a zener regu- 
lated supply provided on the circuit. 

Each tone response is defined by a single capacitor chosen 
to give the desired characteristic. 


Features 

■ Wide supply voltage range, 9V to 1 6 V 

■ Large volume control range, 75 dB typical 

■ Tone control, +15 dB typical 

■ Channel separation, 75 dB typical 

■ Low distortion, 0.06% typical for an input level of 0.3 
Vrms 

■ High signal to noise, 80 dB typical for an input level of 
0.3 Vrms 

■ Few external components required 


Block and Connection Diagram 


Dual-In-Line Package 


INTERNAL SUPPLY DECOUPLE 


TREBLE CAPACITOR 1 


TREBLE CONTROL INPUT 


BASS CAPACITOR 1 


LOUDNESS COMPENSATION 7 
CONTROL INPUT 


BALANCE CONTROL INPUT 



TREBLE CAPACITOR 2 


ZENER VOLTAGE 


BASS CAPACITOR 2 


BASS CONTROL INPUT 


VOLUME CONTROL INPUT 


Order Number LM1036N 
See NS Package Number N20A 
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Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, Operating Temperature Range 

0°C to +70°C 

please contact the National Semiconductor Sales Storage Temperature Range 

- 65°C to + 1 50°C 

Office/Distributors for availability and specifications. Power D j SSipat j 0n 



1W 

Supply Voltage 

16V 

Lead Temp. (Soldering, 10 seconds) 

260° C 

Control Pin Voltage (Pins 4, 7, 9, 1 2, 1 4) V C c 





Electrical Characteristics v C c= 12 V, t a =25°c (unless otherwise stated) 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage Range 

Pin 11 

9 


16 

V 

Supply Current 



35 

45 

mA 

Zener Regulated Output 

Pin 17 





Voltage 



5.4 


V 

Current 




5 

mA 

Maximum Output Voltage 

Pins 8, 13; f=1 kHz 

V CC =9V, Maximum Gain 


0.8 


Vrms 


V C c=12V 

0.8 

1.0 


Vrms 

Maximum Input Voltage 

Pins 2, 1 9; f = 1 kHz, Vcc = 9V 




Vrms 

(Note 1) 

Flat Response, Vcc = 12V 

Gain = -10 dB 

1.3 



Vrms 

Input Resistance 

Pins 2, 19; f= 1 kHz 

20 

30 


kn 

Output Resistance 

Pins 8, 13; f=1 kHz 


20 


ft 

Maximum Gain 

V(Pin 12) = V(Pin 1 7); f = 1 kHz 

-2 

0 

2 

dB 

Volume Control Range 

f=1 kHz 

70 

75 


dB 

Gain Tracking 

f=1 kHz 





Channel 1 -Channel 2 

0 dB through -40 dB 


1 

3 

dB 


-40 dB through -60 dB 


2 


dB 

Balance Control Range 

Pins 8, 13; f = 1 kHz 


1 


dB 




-26 

-20 

dB 

Bass Control Range 

f = 40 Hz, C b =0.39 ju,F 





(Note 2) 

V(Pin 14) = V(Pin 17) 

12 

15 

18 

dB 


V(Pin 14) = 0V 

-12 

-15 

-18 

dB 

Treble Control Range 

f= 16 kHz, C t , = 0.Q1 juF 





(Note 2) 

V(Pin 4) = V(Pin 17) 

12 

15 

18 

dB 


V(Pin 4) = 0V 

-12 

-15 

-18 

dB 

Total Harmonic Distortion 

f=1 kHz, V|m = 0.3 Vrms 

Gain = 0 dB 


0.06 

0.3 

% 


Gain= -30 dB 


0.03 


% 

Channel Separation 

f = 1 kHz, Maximum Gain 

60 

75 


dB 

Signal/Noise Ratio 

Unweighted 100 Hz-20 kHz 
Maximum Gain, 0 dB = 0.3 Vrms 


80 


dB 


CCIR/ARM (Note 3) 

Gain = 0 dB, Vin = 0.3 Vrms 

75 

79 


dB 


Gain = - 20 dB, V^ = 1 .0 Vrms 


72 


dB 

Output Noise Voltage at 
Minimum Gain 

CCIR/ARM (Note 3) 


10 

16 

MV 

Supply Ripple Rejection 

200 mVrms, 1 kHz Ripple 

35 

50 


dB 

Control Input Currents 

Pins 4, 7, 9, 12, 14(V = 0V) 


-0.6 

-2.5 

jxA 

Frequency Response 

- 1 dB (Flat Response 

20 Hz- 16 kHz) 


250 


kHz 

Note 1: The maximum permissible input level is dependent on tone and volume settings. See Application Notes. 



Note 2: The tone control range is defined by capacitors Cb and C t . See Application Notes. 





Note 3: Gaussian noise, measured over a period of 50 ms per channel, with a CCIR filter referenced to 2 kHz and an average-responding meter. 
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BOOST (dB) INPUT VOLTAGE FOR IS THO AT OUTPUT (Vhns) GAIN (dB) GAIN (dB) 


2 Typical Performance Characteristics 


Volume Control 
Characteristics 



0 1 2 3 4 5 

V12 - CONTROL VOLTAGE (V) 


Balance Control 
Characteristic 




1 2 3 4! 

V9 - CONTROL VOLTAGE ( 


Tone Control Characteristic 

BOOST JT 

40 Hz OR 16 kHz / 


J CUT 

} IX 40 Hz OR 16 kHz 

0 1 2 3 4 5 6 

V4 OR V14- CONTROL VOLTAGE (V) 


Tone Characteristic (Gain 
vs Frequency) 


Tone Characteristic (Gain 
vs Frequency) 


Loudness Compensated 
Volume Characteristic 



20 100 500 5k 20k 

FREQUENCY (Hz) 


MAXIMUM 
tbass AND “ 
JREBLE B00ST_ 


LCb=0.39 j*F_ 
|C,=0.01 aJ> 


-5 

— 

: — 

h/fMAXIMUM 
f\ BASS AND 



1/ 


TREBLE 

L M 

CUT 

-20 




_L_ 

t 


20 100 500 5k 20k 

FREQUENCY (Hz) 


S529M 

2K» 


-t40 

-50 |- CONDITIONS, 


I . 'MM'l'IMjill i. i i mI I 

■tarMBMaSaiMflAraMHiHil 


20 100 500 5k 20k 

FREQUENCY (Hz) 


Input Signal Handling vs 
Supply Voltage 


GAIN = -l0dB 
fa 1kHz 
FLAT FREQUENCY 
RESPONSE 
BALANCED GAINS 


THD vs Gain 


Channel Separation vs 
Frequency 


SUSiSSal 


6 8 10 12 14 16 18 20 22 

SUPPLY VOLTAGE (V) 


1=1 kHz . 

FLAT FREQUENCY RESPONSE ~ 
BALANCED GAINS 

10 0 -10 - 20 - 30 - 40 - 50 

GAIN (dB) 


FLAT FREQUENCY RESPONSE 
BALANCED GAINS 

0 — 1 — — * — 1 1 — * — 

20 100 500 5k 20k 

FREQUENCY (Hz) 


Loudness Control 
Characteristic 

I V,M=100 mV 
TONE CONTROLS FLAT 


0 1 2 3 4 5 

V7— CONTROL VOLTAGE (V) 


Output Noise Voltage 
vs Gain 

60 — . — 

TONE CONTROLS FLAT 

c sn BALANCE0 GAINS . __ 

3 CCIR FILTER ! 

| • - 444 - 1 — — 


-20 -40 

GAIN (dB) 


THD vs Input Voltage 



0.0 0.2 0.4 0.6 0.8 1.0 

INPUT VOLTAGE (Vrms) 

TL/H/5\42-2 
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Application Notes 


TONE RESPONSE 


The maximum boost and cut can be optimized for individual 
applications by selection of the appropriate values of Ct (tre- 
ble) and C b (bass). 

The tone responses are defined by the relationships: 


Bass Response = 


i + 0.00065 (1 - a b ) 
jft>C b 

1 + 000065a b 
j*>C b 


Treble Response = 


1 + jo)5500(1 — at)Ct 
1 4* jct>5500atCt 


Where a b =at=0 for maximum bass and treble boost re- 
spectively and a b = at= 1 for maximum cut. 

For the values of C b and C t of 0.39 jaF and 0.01 ju,F as 
shown in the Application Circuit, 15 dB of boost or cut is 
obtained at 40 Hz and 1 6 kHz. 


ZENER VOLTAGE 

A zener voltage (pin 17 = 5.4V) is provided which may be 
used to bias the control potentiometers. Setting a DC level 
of one half of the zener voltage on the control inputs, pins 4, 
9, and 14, results in the balanced gain and flat response 
condition. Typical spread on the zener voltage is ±100 mV 
and this must be taken into account if control signals are 
used which are not referenced to the zener voltage. If this is 
the case, then they will need to be derived with similar accu- 
racy. 


LOUDNESS COMPENSATION 

A simple loudness compensation may be effected by apply- 
ing a DC control voltage to pin 7. This operates on the tone 
control stages to produce an additional boost limited by the 
maximum boost defined by C b and C t . There is no loudness 
compensation when pin 7 is connected to pin 1 7. Pin 7 can 
be connected to pin 1 2 to give the loudness compensated 
volume characteristic as illustrated without the addition of 
further external components. (Tone settings are for flat re- 
sponse, C b and Ct as given in Application Circuit.) Modifica- 
tion to the loudness characteristic is possible by changing 
the capacitors C b and C t for a different basic response or, 
by a resistor network between pins 7 and 1 2 for a different 
threshold and slope. 

SIGNAL HANDLING 

The volume control function of the LM1036 is carried out in 
two stages, controlled by the DC voltage on pin 1 2, to im- 
prove signal handling capability and provide a reduction of 
output noise level at reduced gain. The first stage is before 
the tone control processing and provides an initial 1 5 dB of 
gain reduction, so ensuring that the tone sections are not 
overdriven by large input levels when operating with a low 
volume setting. Any combination of tone and volume set- 
tings may be used provided the output level does not ex- 
ceed 1 Vrms, Vqq = 12V (0.8 Vrms, V<x = 9V). At reduced 
gain (< - 6 dB) the input stage will overload if the input level 
exceeds 1.6 Vrms, V<x = 12V (1.1 Vrms, Vcc = 9V). As 
there is volume control on the input stages, the inputs may 
be operated with a lower overload margin than would other- 
wise be acceptable, allowing a possible improvement in sig- 
nal to noise ratio. 
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Applications Information 

OBTAINING MODIFIED RESPONSE CURVES 

The LM1036 is a dual DC controlled bass, treble, balance 
and volume integrated circuit ideal for stereo audio systems. 
In the various applications where the LM1036 can be used, 
there may be requirements for responses different to those 
of the standard application circuit given in the data sheet. 
This application section details some of the simple varia- 
tions possible on the standard responses, to assist the 
choice of optimum characteristics for particular applications. 

TONE CONTROLS 

Summarizing the relationship given in the data sheet, basi- 
cally for an increase in the treble control range Ct must be 
increased, and for increased bass range C5 must be re- 
duced. 

Figure 1 shows the typical tone response obtained in the 
standard application circuit. (Ct=0.01 juF, Cb = 0.39 juF). 
Response curves are given for various amounts of boost 
and cut. 



TL/H/5142-4 

FIGURE 1. Tone Characteristic (Gain vs Frequency) 


Figures 2 and 3 show the effect of changing the response 
defining capacitors Ct and Cb to 2Ct, Cb/2 and 4Ct, Cb/4 
respectively, giving increased tone control ranges. The val- 
ues of the bypass capacitors may become significant and 
affect the lower frequencies in the bass response curves. 
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FREQUENCY (Hz) 


TL/H/5142-5 

FIGURE 2. Tone Characteristic (Gain vs Frequency) 



FREQUENCY (HZ) 

FIGURE 3. Tone Characteristic 


TL/H/5142-6 

(Gain vs Frequency) 


1-196 




Applications Information (Continued) 

Figure 4 shows the effect of changing Ct and Cb in the 
opposite direction to Ct/2, 2Q, respectively giving reduced 
control ranges. The various results corresponding to the dif- 
ferent Ct and Cb values may be mixed if it is required to give 
a particular emphasis to, for example, the bass control. The 
particular case with Qj/2, Ct is illustrated in Figure 5. 

Restriction of Tone Control Action at High or Low Fre- 
quencies 

It may be desired in some applications to level off the tone 
responses above or below certain frequencies for example 
to reduce high frequence noise. 

This may be achieved for the treble response by including a 
resistor in series With Ct. The treble boost and cut will be 3 
dB less than the standard circuit when R = Xc- 
A similar effect may be obtained for the bass response by 
reducing the value of the AC bypass capacitors on pins 5 
(channel 1) and 16 (channel 2). The internal resistance at 
these pins is 1 .3 k fl and the bass boost/ cut will be approxi- 
mately 3 dB less with Xc at this value. An example of such 
modified response curves is shown in Figure 6. The input 
coupling capacitors may also modify the low frequency re- 
sponse. 

It will be seen from Figures 2 and 3 that modifying Ct and Cb 


for greater control range also has the effect of flattening the 
tone control extremes and this may be utilized, with or with- 
out additional modification as outlined above, for the most 
suitable tone control range and response shape. 

Other Advantages of DC Controls 

The DC controls make the addition of other features easy to 
arrange. For example, the negative-going peaks of the out- 
put amplifiers may be detected below a certain level, and 
used to bias back the bass control from a high boost condi- 
tion, to prevent overloading the speaker with low frequency 
components. 

LOUDNESS CONTROL 

The loudness control is achieved through control of the 
tone sections by the voltage applied to pin 7; therefore, the 
tone and loudness functions are not independent. There is 
normally 1 dB more bass than treble boost (40 Hz- 16 kHz) 
with loudness control in the standard circuit. If a greater 
difference is desired, it is necessary to introduce an offset 
by means of Ct or Cb or by changing the nominal control 
voltage ranges. 

Figure 7 shows the typical loudness curves obtained in the 
standard application circuit at various volume levels 
(Cb := 0.39 ju,F). 
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FIGURE 4. Tone Characteristic (Gain vs Frequency) 
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FIGURE 5. Tone Characteristic (Gain vs Frequency) 
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FIGURE 6. Tone Characteristic (Gain vs Frequency) 
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FIGURE 7. Loudness Compensated Volume 
Characteristic 
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Applications Information (Continued) 

Figures 8 and 9 illustrate the loudness characteristics ob- 
tained with Cb changed to Qj/2 and Cb/4 respectively, Ct 
being kept at the nominal 0.01 fxF. These values naturally 
modify the bass tone response as in Figures 2 and 3. 

With pins 7 (loudness) and 12 (volume) directly connected, 
loudness control starts at typically — 8 dB volume, with most 
of the control action complete by -30 dB. 

Figures 10 and 1 1 show the effect of resistively offsetting 
the voltage applied to pin 7 towards the control reference 
voltage (pin 1 7). Because the control inputs are high imped- 


ance, this is easily done and high value resistors may be 
used for minimal additional loading. It is possible to reduce 
the rate of onset of control to extend the active range to 
-50 dB volume control and below. 

The control on pin 7 may also be divided down towards 
ground bringing the control action on earlier. This is illustrat- 
ed in Figure 12 , With a suitable level shifting network be- 
tween pins 1 2 and 7, the onset of loudness control and its 
rate of change may be readily modified. 
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FREQUENCY (Hz) 

TL/H/5142-11 

FIGURE 8. Loudness Compensated Volume 
Characteristic 



FIGURE 9. Loudness Compensated Volume 
Characteristic 
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FIGURE 10. Loudness Compensated Volume 
Characteristic 
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FIGURE 11. Loudness Compensated Volume 
Characteristic 
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FIGURE 12. Loudness Compensated Volume Characteristic 



1-198 




Applications Information (Continued) 

When adjusted for maximum boost in the usual application 
circuit, the LM1036 cannot give additional boost from the 
loudness control with reducing gain. If it is required, some 
additional boost can be obtained by restricting the tone con- 
trol range and modifying Ct, Cb, to compensate. A circuit 
illustrating this for the case of bass boost is shown in Figure 
13. The resulting responses are given in Figure 14 showing 
the continuing loudness control action possible with bass 
boost previously applied. 


USE OF THE LM1036 ABOVE AUDIO FREQUENCIES 

The LM1036 has a basic response typically 1 dB down at 
250 kHz (tone controls flat) and therefore by scaling Cb and 
C t , it is possible to arrange for operation over a wide fre- 
quency range for possible use in wide band equalization 
applications. As an example Figure 15 shows the responses 
obtained centered on 10 kHz with Cb = 0.039 jxF and 
C t = 0.001 fi F. 



TL/H/5142-16 

FIGURE 13. Modified Application Circuit for Additional Bass Boost with Loudness Control 
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FIGURE 14. Loudness Compensated Volume 
Characteristic 
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FIGURE 15. Tone Characteristic (Gain vs Frequency) 
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National Semiconductor 


PRELIMINARY 


LM1971 

jaPot™ Digitally Controlled 62 dB 
Audio Attenuator with Mute 


General Description 

The LM1971 is a digitally controlled single channel audio 
attenuator fabricated on a CMOS process. Attenuation is 
variable in 1 dB steps from 0 dB-62 dB. A mute function 
disconnects the input signal from the output, providing a 
minimum of 80 dB of attenuation. The attenuation curve can 
be customized through software to fit the desired applica- 
tion. 

The performance of a jxPot is demonstrated through its abil- 
ity to instantly change attenuation levels without audible 
clicks or pops, excellent signal-to-noise ratio (80 dB mini- 
mum), and low Total Harmonic Distortion plus noise 
(THD + N) of 0.01%. 

The LM1971 is controlled by a 3-wire serial digital interface 
which is TTL and CMOS compatible. The LM1971 receives 
data that selects the desired attenuation setting on the 
DATA line. The LOAD/SHIFT line enables the data input 
registers and the CLOCK line provides system timing. Addi- 
tionally, the interface is compatible with National Semicon- 
ductor’s HPC line of microcontrollers. 


Key Specifications 

■ Total harmonic distortion + noise 0.01% (typ) 

■ Frequency response 20 kHz (-3 dB) (min) 

■ Attenuation range (excluding mute) 62 dB (min) 

■ Signal-to-noise ratio 80 dB (min) 

Features 

■ 3-wire serial interface 

■ 80 dB mute attenuation 

■ Pop and click free attenuation changes 

Applications 

■ Music reproduction systems 

■ Sound reinforcement systems 

■ Electronic music (MIDI) 

■ Personal computer audio control 

■ Communication systems 


Typical Application 


Connection Diagram 


Small Outline Molded Package or 
Dual-ln-Line Plastic Package 



Audio 

Output 


TL/H/1 2353-1 

FIGURE 1. Typical Audio Attenuator Application Circuit 


Analog Ref —I 
Output —I 
Digital Gnd — ^ 
Load/Shi?t 



TL/H/1 2353-2 

Top View 

Order Number LM1971M 
or LM1971N 

See NS Package Number 
M08A or N08E 
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National Semiconductor 


LM1972 

jutPot™ 2-Channel 78dB Audio Attenuator with Mute 

Key Specifications 

■ Total Harmonic Distortion + Noise 0.003% (max) 

■ Frequency response 100 kHz (-3dB) (min) 

■ Attenuation range (excluding mute) 78dB (typ) 

■ Differential attenuation ±0.25dB (max) 

■ Signal-to-noise ratio (ref. 4 Vrms) IIOdB (min) 

■ Channel separation IQOdB (min) 

Features 

■ 3-wire serial interface 

■ Daisy-chain capability 

■ 104dB mute attenuation 

■ Pop and click free attenuation changes 

Applications 

■ Automated studio mixing consoles 

■ Music reproduction systems 

■ Sound reinforcement systems 

■ Electronic music (MIDI) 

■ Personal computer audio control 


Typical Application Connection Diagram 

Dual-ln-Line Plastic or 
Surface Mount Package 

— IN2 
— GND2 

-v SS i 

— 0UT2 
— GND AC 
“V dd 2 
GND AC 
V DD 1 

DATA-OUT 
DATA-IN 


TL/H/ 11978-2 

LM1972N 
SB or N20A 




GND AC — 

1 • 

20 


OUT 1 — 

2 

19 


GND1 — 

3 

18 

AUDIO 

INI — 

4 

17 

OUT# 1 

GND AC — 

5 

16 


GND AC — 

6 

15 

AUDIO 

V SS 2- 

7 

14 

0UT#2 

L0GIC GND — 

8 

13 


CLOCK — 

9 

12 


LOAD/SHIFT- 

10 

11 


TL/H/1 1978-1 

FIGURE 1. Typical Audio Attenuator Application Circuit 


Top View 

Order Number LM1972M or 
See NS Package Number M2i 


General Description 

The LM1972 is a digitally controlled 2-channel 78dB audio 
attenuator fabricated on a CMOS process. Each channel 
has attenuation steps of 0.5dB from 0dB-47.5dB, 1 .OdB 
steps from 48dB-78dB, with a mute function attenuating 
1 04dB. Its logarithmic attenuation curve can be customized 
through software to fit the desired application. 

The performance of a juPot is demonstrated through its ex- 
cellent Signal-to-Noise Ratio, extremely low (THD + N), and 
high channel separation. Each juPot contains a mute func- 
tion that disconnects the input signal from the output, pro- 
viding a minimum attenuation of 96dB. Transitions between 
any attenuation settings are pop free. 

The LM1972’s 3-wire serial digital interface is TTL and 
CMOS compatible; receiving data that selects a channel 
and the desired attenuation level. The Data-Out pin of the 
LM1972 allows multiple juPots to be daisy-chained together, 
reducing the number of enable and data lines to be routed 
for a given application. 



1-202 



Absolute Maximum Ratings (Notes 1 , 2) 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage (V D d- V ss) 1 5V 

Voltage at Any Pin V S s - 0.2V to V DD + 0.2V 

Power Dissipation (Note 3) 1 50 mW 

ESD Susceptability (Note 4) 2000V 

Junction Temperature 1 50°C 

Electrical Characteristics (Notes 1, 2) 


The following specifications apply for all channels with Vqd = + 6V, Vss = ~6V, V IN = 5 5 Vpk, and f = 1 kHz, unless 
otherwise specified. Limits apply for Ta = 25°C. Digital inputs are TTL and CMOS compatible. 





LM1972 

Units 

(Limits) 

Symbol 

Parameter 

Conditions 

Typical 

Limit 




(Note 5) 

(Note 6) 

•s 

Supply Current 

Inputs are AC Grounded 

2 

4 

mA (max) 

THD + N 

Total Harmonic Distortion plus Noise 

V|n = 0.5 Vpk @ OdB Attenuation 

0.0008 

0.003 

% (max) 

XTalk 

Crosstalk (Channel Separation) 

OdB Attenuation for Vin 

Vqh measured @ -78dB 

110 

100 

dB (min) 



Inputs are AC Grounded 
@ -12dB Attenuation 

A-Weighted 


110 

dB (min) 

a m 

Mute Attenuation 


104 

96 

dB (min) 


Attenuation Step Size Error 

OdB to — 47.5dB 


±0.05 

dB (max) 



— 48dB to — 78dB 


±0.25 

dB (max) 


Absolute Attenuation Error 

Attenuation @ OdB 

0.03 

0.5 

dB (min) 



Attenuation @ -20dB 

19.8 

19.0 

dB (min) 



Attenuation @ -40dB 

39.5 

39.0 

dB (min) 



Attenuation @ -60dB 

59.3 

57.5 

dB (min) 



Attenuation @ - 78dB 

76.3 

74.5 

dB (min) 


Channel-to-Channel Attenuation 

Attenuation @ OdB, -20dB, -40dB, -60dB 


±0.5 

dB (max) 


Tracking Error 

Attenuation @ -78dB 


±0.75 

dB (max) 

•leak 

Analog Input Leakage Current 

Inputs are AC Grounded 

10.0 

100 

nA (max) 


Soldering Information 


N Package (10 sec.) 


+ 260°C 

Storage Temperature 

-65°C to +150°C 

Operating Ratings 

(Notes 1, 2) 


Temperature Range 

Tmin t a 

TmAX 

Tmin ^t a <;t MAX 

o°c <;t a 

<; +70°c 


Supply Voltage (V DD - V S s) 


4.5V to 12V 


1972 
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Electrical Characteristics (Notes 1,2) 

The following specifications apply for all channels with Vqd = +GV, Vss = -6V, Vin = 5.5 Vpk, and f = 1 kHz, unless 
otherwise specified. Limits apply for Ta = 25°C. Digital inputs are TTL and CMOS compatible. (Continued) 


Symbol 

Parameter 

Conditions 

‘ ? : }■ 

LM1972 

Units 

(Limits) 

Typical 
(Note 5) 

Limit 
(Note 6) 

R|N 

AC Input Impedance 

Pins 4, 20, V| N = 1.0 Vpk, f = 1 kHz 

40 

Efl 

kft (min) 
kn (max) 

■in 

Input Current 

@ Pins 9, 10, 1 1 @ 0V < V| N < 5V 

1.0 

±100 

nA (max) 

f CLK 

Clock Frequency 


3 

2 

MHz (max) 

V|H 

High-Level Input Voltage 

@ Pins 9, 10, 11 


2.0 

V (min) 

V|L 

Low-Level Input Voltage 

@ Pins 9, 10, 11 


0.8 



Data-Out Levels (Pin 12) 

V DD = 6V,Vss=0V 


0.1 

5.9 

V (max) 

V (min) 


Note 1: All voltages are measured with respect to GND pins (1, 3, 5, 6, 14, 16, 19), unless otherwise specified. 

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by T JMAX , 0j A , and the ambient temperature T A . The maximum 
allowable power dissipation is PD = (Tjmax - T A )/0j A or the number given in the Absolute Maximum Ratings, whichever is lower. For the LM1972, Tjmax = 
+ 1 50°C, and the typical junction-to-ambient thermal resistance, when board mounted, is 65°C/W. 

Note 4: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 5: Typicals are measured at 25°C and represent the parametric norm. 

Note 6: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 
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Pin Description 

Signal Ground (3, 19): Each input has its own independent 
ground, GND1 and GND2. 

Signal Input (4, 20): There are 2 independent signal inputs, 
INI and IN2. 

Signal Output (2, 17): There are 2 independent signal out- 
puts, OUT1 and OUT2. 

Voltage Supply (13, 15): Positive voltage supply pins, Vqdi 
and Vpp 2 - 

Voltage Supply (7, 18): Negative voltage supply pins, Vssi 
and Vss2- To be tied to ground in a single supply configura- 
tion. 

AC Ground (1, 5, 6, 14, 16): These five pins are not physi- 
cally connected to the die in any way (i.e., No bondwires). 
These pins must be AC grounded to prevent signal coupling 
between any of the pins nearby. Pin 1 4 should be connect- 
ed to pins 1 3 and 1 5 for ease of wiring and the best isola- 
tion, as an example. 

Logic Ground (8): Digital signal ground for the interface 
lines; CLOCK, LOAD/SHIFT, DATA-IN and DATA-OUT. 
Clock (9): The clock input accepts a TTL or CMOS level 
signal. The clock input is used to load data into the internal 
shift register on the rising edge of the input clock waveform. 
Load/Shift (10): The load/shift input accepts a TTL or 
CMOS level signal. This is the enable pin of the device, 
allowing data to be clocked in while this input is low (0V). 
Data-In (11): The data-in input accepts a TTL or CMOS 
level signal. This pin is used to accept serial data from a 
microcontroller that will be latched and decoded to change 
a channel’s attenuation level. 


Data-Out (12): This pin is used in daisy-chain mode where 
more than one /xPot is controlled via the same data line. As 
the data is clocked into the chain from the /xC , the preced- 
ing data in the shift register is shifted out the DATA-OUT pin 
to the next /xPot in the chain or to ground if it is the last jaPot 
in the chain. The LOAD/SHIFT line goes high once all of the 
new data has been shifted into each of its respective regis- 
ters. 

Connection Diagram 
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THD+N (%) THD+N (%) THD (%) SUPPLY CURRENT (mA) 


Typical Performance Characteristics 


Supply Current vs 
Supply Voltage 
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Noise Floor Spectrum by FFT 
Amplitude vs Frequency 
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Application Information 

ATTENUATION STEP SCHEME 

The fundamental attenuation step scheme for the LM1972 
jaPot is shown in Figure 3. This attenuation step scheme, 
however, can be changed through programming techniques 
to fit different application requirements. One such example 
would be a constant logarithmic attenuation scheme of IdB 
steps for a panning function as shown in Figure 4. The only 
restriction to the customization of attenuation schemes are 
the given attenuation levels and their corresponding data 
bits shown in Table I. The device will change attenuation 
levels only when a channel address is recognized. When 
recognized, the attenuation level will be changed corre- 
sponding to the data bits shown in Table I. As shown in 
Figure 6, an LM1972 can be configured as a panning control 
which separates the mono signal into left and right chan- 
nels. This circuit may utilize the fundamental attenuation 
scheme of the LM1972 or be programmed to provide a con- 
stant 1 dB logarithmic attenuation scheme as shown in Fig- 
ure 4. 


LM1972 Channel Attenuation 
vs Digital Step Value 

o 

-10 
-20 

3 " 30 

| -40 

1 " 50 

| -60 

I -70 
o 

-80 
-90 
-100 

0 20 40 60 80 100 120 ' 140 

Digital Step Value 

TL/H/1 1978-6 

FIGURE 3. LM1972 Attenuation Step Scheme 



LM1972 Channel Attenuation 
vs Digital Step Value 
(Programmed I.OdB Steps) 



Digital Step Value 

TL/H/1 1978-7 

FIGURE 4. LM 1972 I.OdB 
Attenuation Step Scheme 


LM1972 Channel Attenuation 
vs Digital Step Value 
(Programmed 2.0dB Steps) 



0 10 20 30 40 50 

* Digital Step Value 

TL/H/1 1978-8 

FIGURE 5. LM1972 2.0dB Attenuation Step Scheme 



INPUT IMPEDANCE 

The input impedance of a jaPot is constant at a nominal 
40 kft. To eliminate any unwanted DC components from 
propagating through the device it is common to use 1 jaF 
input coupling caps. This is not necessary, however, if the 
dc offset from the previous stage is negligible. For higher 
performance systems, input coupling caps are preferred. 

OUTPUT IMPEDANCE 

The output of a jaPot varies typically between 25 kft and 
35 kn and changes nonlinearly with step changes. Since a 
ju,Pot is made up of a resistor ladder network with a logarith- 
mic attenuation, the output impedance is nonlinear. Due to 
this configuration, a jaPot cannot be considered as a linear 
potentiometer, but can be considered only as a logarithmic 
attenuator. 

It should be noted that the linearity of a jaPot cannot be 
measured directly without a buffer because the input imped- 
ance of most measurement systems is not high enough to 
provide the required accuracy. Due to the low impedance of 
the measurement system, the output of the jaPot would be 
loaded down and an incorrect reading will result. To prevent 
loading from occurring, a JFET input op amp should be used 
as the buffer/amplifier. The performance of a jaPot is limited 
only by the performance of the external buffer/amplifier. 
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Application Information (Continued) 

MUTE FUNCTION 

One major feature of a jutPot is its ability to mute the input 
signal to an attenuation level of 104dB as shown in Figure 3. 
This is accomplished internally by physically isolating the 
output from the input while also grounding the output pin 
through approximately 2 k Cl. 

The mute function is obtained during power-up of the device 
or by sending any binary data of 01 1 1 1 1 1 1 and above (to 
11111111) serially to the device. The device may be placed 
into mute from a previous attenuation setting by sending 
any of the above data. This allows the designer to place a 
mute button onto his system which could cause a microcon- 
troller to send the appropriate data to a juPot and thus mute 
any or all channels. Since this function is achieved through 
software, the designer has a great amount of flexibility in 
configuring the system. 

DC INPUTS 

Although the juPot was designed to be used as an attenua- 
tor for signals within the audio spectrum, the device is capa- 
ble of tracking an input DC voltage. The device will track DC 
voltages to a diode drop above each supply rail. 

One point to remember about DC tracking is that with a 
buffer at the output of the juPot, the resolution of DC track- 
ing will depend upon the gain configuration of that output 
buffer and its supply voltage. It should also be remembered 
that the output buffer’s supply voltage does not have to be 
the same as the juPot’s supply voltage. This could allow for 
more resolution when DC tracking. 

SERIAL DATA FORMAT 

The LM1972 uses a 3-wire serial communication format that 
is easily controlled by a microcontroller. The timing for the 
3-wire set, comprised of DATA-IN, CLOCK, and LOAD/ 
SHIFT is shown in Figure 2. Figure 8 exhibits in block dia- 
gram form how the digital interface controls the tap 
switches which select the appropriate attenuation level. As 
depicted in Figure 2, the LOAD/SHIFT line is to go low at 
least 1 50 ns before the rising edge of the first clock pulse 
and is to remain low throughout the transmission of each 
set of 16 data bits. The serial data is comprised of 8 bits for 
channel selection and 8 bits for attenuation setting. For both 
address data and attenuation setting data, the MSB is sent 
first and the 8 bits of address data are to be sent before the 
8 bits of attenuation data. Please refer to Figure 7 to confirm 
the serial data format transfer process. 


TABLE I. LM1972 Micropot Attenuator 


Register Set Description 


MSB LSB 

Address Register (Byte 0) 

0000 0000 

Channel 1 

0000 0001 

Channel 2 

0000 0010 

Channel 3 

Data Register (Byte 1) 

Contents 

Attenuation Level dB 

0000 0000 

0.0 

0000 0001 

0.5 

0000 0010 

1.0 

0000 0011 

1.5 



0001 1110 

15.0 

0001 1111 

15.5 

0010 0000 

16.0 

0010 0001 

16.5 

0010 0010 

17.0 



0101 1110 

47.0 

0101 1111 

47.5 

0110 0000 

48.0 

0110 0001 

49.0 

01100010 

50.0 




0111 1100 

76.0 

0111 1101 

77.0 

0111 1110 

78.0 

0111 1111 

100.0 (Mute) 

1000 0000 

100.0 (Mute) 



1111 1110 

100.0 (Mute) 

1111 1111 

100.0 (Mute) 


MSB MSB 



I I I I I 

ATTENUATION SETTING CHANNEL SELECTION 

BYTE 1 BYTE 0 


FIGURE 7. Serial Data Format Transfer Process 
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Application Information (Continued) 

jaPot SYSTEM ARCHITECTURE 

The jmPot’s digital interface is essentially a shift register, 
where serial data is shifted in, latched, and then decoded. 
As new data is shifted into the DATA-IN pin, the previously 
latched data is shifted out the DATA-OUT pin. Once the 
data is shifted in, the LOAD/SHIFT line goes high, latching 
in the new data. The data is then decoded and the appropri- 
ate switch is activated to set the desired attenuation level 
for the selected channel. This process is continued each 
and every time an attenuation change is made. Each chan- 
nel is updated, only, when that channel is selected for an 
attenuator change or the system is powered down and then 
back up again. When the jmPot is powered up, each channel 
is placed into the muted mode. 

jaPot LADDER ARCHITECTURE 

Each channel of a jaPot has its own independent resistor 
ladder network. As shown in Figure 9, the ladder consists of 
multiple R1/R2 elements which make up the attenuation 
scheme. Within each element there are tap switches that 
select the appropriate attenuation level corresponding to 
the data bits in Table I. It can be seen in Figure 9 that the 
inpgt impedance for the channel is a constant value regard- 
less of which tap switch is selected, while the output imped- 
ance varies according to the tap switch selected. 


V 0UT 



DIGITAL LINE COMPATIBILITY 

The jmPot’s digital interface section is compatible with either 
TTL or CMOS logic due to the shift register inputs acting 
upon a threshold voltage of 2 diode drops or approximately 
1.4V. 

DIGITAL DATA-OUT PIN 

The DATA-OUT pin is available for daisy-chain system con- 
figurations where multiple juPots will be used. The use of the 
daisy-chain configuration allows the system designer to use 
only one DATA and one LOAD/SHIFT line per chain, thus 
simplifying PCB trace layouts. 

In order to provide the highest level of channel separation 
and isolate any of the signal lines from digital noise, the 
DATA-OUT pin should be terminated through a 2 kft resis- 
tor if not used. The pin may be left floating, however, any 
signal noise on that line may couple to adjacent lines creat- 
ing higher noise specs. 



GND1 GND2 


TL/H/ 11978-11 

FIGURE 8. jxPot System Architecture 
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Application Information (Continued) 

DAISY-CHAIN CAPABILITY 

Since the juLPot’s digital interface is essentially a shift regis- 
ter, multiple juPots can be programmed utilizing the same 
data and load/shift lines. As shown in Figure 10, for an 
n-juPot daisy-chain, there are 16n bits to be shifted and 
loaded for the chain. The data loading sequence is the 
same for n-jaPots as it is for one jaPot. First the LOAD/ 
SHIFT line goes low, then the data is clocked in sequentially 
while the preceding data in each jaPot is shifted out the 
DATA-OUT pin to the next juPot in the chain or to ground if it 
is the last jaPot in the chain. Then the LOAD/SHIFT line 
goes high; latching the data into each of their corresppnding 
jmPots. The data is then decoded according to the address 
(channel selection) and the appropriate tap switch control- 
ling the attenuation level is selected. 

CROSSTALK MEASUREMENTS 

The crosstalk of a jaPot as shown in the Typical Perform- 
ance Characteristics section was obtained by placing a 
signal on one channel and measuring the level at the output 
of another channel of the same frequency. It is important to 
be sure that the signal level being measured is of the same 
frequency such that a true indication of crosstalk may be 
obtained. Also, to ensure an accurate measurement, the 
measured channel’s input should be AC grounded through a 
1 jaF capacitor. 

CLICKS AND POPS 

So, why is that output buffer needed anyway? There are 
three answers to this question, all of which are important 
from a system point of view. 

The first reason to utilize a buffer/amplifier at the output of a 
jutPot is to ensure that there are no audible clicks or pops 
due to attenuation step changes in the device. If an on- 
board bipolar op amp had been used for the output stage, 
its requirement of a finite amount of DC bias current for 
operation would cause a DC voltage “pop” when the output 
impedance of the jaPot changes. Again, this phenomenon is 
due to the fact that the output impedance of the jaPot is 
changing with step changes and a bipolar amplifier requires 
a finite amount of DC bias current for its operation. As the 
impedance changes, so does the DC bias current and thus 
there is a DC voltage “pop”. 

Secondly, the jaPot has no drive capability, so any desired 
gain needs to be accomplished through a buffer/non-invert- 
ing amplifer. 


Third, the output of a jaPot needs to see a high impedance 
to prevent loading and subsequent linearity errors from 
ocurring. A JFET input buffer provides a high input imped- 
ance to the output of the jaPot so that this does not occur. 
Clicks and pops can be avoided by using a JFET input buff- 
er/amplifier such as an LF412ACN. The LF412 has a high 
input impedance and exhibits both a low noise floor and low 
THD + N throughout the audio spectrum which maintains 
signal integrity and linearity for the system. The perform- 
ance of the system solution is entirely dependent upon the 
quality and performance of the JFET input buffer/ amplifier. 

LOGARITHMIC GAIN AMPUFIER 

The jaPot is capable of being used in the feedback loop of 
an amplifier, however, as stated previously, the output of the 
jaPot needs to see a high impedance in order to maintain its 
high performance and linearity. Again, loading the output will 
change the values of attenuation for the device. As shown 
in Figure 11, a. jaPot used in the feedback loop creates a 
logarithmic gain amplifier. In this configuration the attenua- 
tion levels from Table I, now become gain levels with the 
largest possible gain value being 78dB. For most applica- 
tions 78dB of gain will cause signal clipping to occur, how- 
ever, because of the jaPot’s versatility the gain can be con- 
trolled through programming such that the clipping level of 
the system is never obtained. An important point to remem- 
ber is that when in mute mode the input is disconnected 
from the output. In this configuration this will place the am- 
plifier in its open loop gain state, thus resulting in severe 
comparator action. Care should be taken with the program- 
ming and design of this type of circuit. To provide the best 
performance, a JFET input amplifier should be used. 



U LM1972 

OUT 1 INI — ■ 

GND1 

if 

TL/H/ 11978-14 

FIGURE 11. Digitally-Controlled 
Logarithmic Gain Amplifier Circuit 



DATA STREAM DATA STREAM DATA STREAM DATA STREAM 


FIGURE 10. n-jaPot Daisy-Chained Circuit 
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LM1973 

juPot™ 3-Channel 76dB Audio Attenuator with Mute 


General Description 

The LM1973 is a digitally controlled 3-channel 76dB audio 
attenuator fabricated on a CMOS process. Each channel 
has attenuation steps of 0.5dB from 0dB-15.5dB, I.OdB 
steps from 16dB-47dB, and 2.0dB steps from 48dB- 
76dB, with a mute function attenuating 104dB. Its logarith- 
mic attenuation curve can be customized through software 
to fit the desired application. 

The performance of a jaPot is demonstrated through its ex- 
cellent Signal-to-Noise Ratio, extremely low (THD + N), and 
high channel separation. Each juPot contains a mute func- 
tion that disconnects the input signal from the output, pro- 
viding a minimum attenuation of 96dB. Transitions between 
any attenuation settings are pop free. 

The LM1973’s 3-wire serial digital interface is TTL and 
CMOS compatible; receiving data that selects a channel 
and the desired attenuation level. The Data-Out pin of the 
LM1973 allows multiple jutPots to be daisy-chained together, 
reducing the number of enable and data lines to be routed 
for a given application. 


Key Specifications 

■ Total Harmonic Distortion + Noise 0.003% (max) 

■ Frequency response 100 kHz (— 3dB) (min) 

■ Attenuation range (excluding mute) 76dB (typ) 

■ Differential attenuation ±0.25dB (max) 

■ Signal-to-noise ratio (ref. 4 Vrms) IIOdB (min) 

■ Channel separation 1 1 0dB (typ) 

Features 

■ 3-wire serial interface 

■ Daisy-chain capability 

■ 1 04dB mute attenuation 

■ Pop and click free attenuation changes 

Applications 

■ Automated studio mixing consoles 

■ Music reproduction systems 

■ Sound reinforcement systems 

■ Electronic music (MIDI) 

■ Personal computer audio control 


Typical Application 



FIGURE 1. Typical Audio Attenuator Application Circuit 


Connection Diagram 


Dual-ln-Line Plastic or 
Surface Mount Package 


GND2 — 

1 • 

20 

— 0UT2 

IN2 — 

2 

19 

“V SS 1 

GND AC- 

3 

18 

— IN3 

INI— 

4 

17 

— GND3 

GND1 — 

5 

16 

— 0UT3 

OUT 1 — 

6 

15 

“V DD 2 

V SS 2 “ 

7 

14 

— GND AC 

LOGIC GND — 

8 

13 

-v DD i 

CLOCK — 

9 

12 

— DATA-OUT 

LOAD/SHIFT -«■ 

10 

1 1 

— DATA-IN 


TL/H/1 1958-2 

Top View 

Order Number LM1973M or LM1973N 
See NS Package Number M20B or N20A 
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Absolute Maximum Ratings (Notes 1 , 2) 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 
Supply Voltage (V D d-Vss) 1 5V 

Voltage at Any Pin Vss ~ 0.2V to Vqd + 0.2V 

Power Dissipation (IS|pte 3) , 150mW 

ESD Susceptability (Note 4) 1 800V 

Junction Temperature 150°C 


Soldering Information 

N Package (1 0 sec.) + 260°C 

Storage T emperature - 65°C to + 1 50°C 

Operating Ratings (Notes 1 , 2) 

t min Ta Tmax 

Temperature Range 

TmIN^Ta^TmaX 0°C ^Ta ^ +70°C 

Supply Voltage (Vqd ~ Vss) 4.5V to 12V 


Electrical Characteristics (Notes 1,2) 

The following specifications apply for all channels with Vqd = + 6V, Vss =?• —6V, Vin = 5.5 Vpk, and f = 1 kHz, unless 
otherwise specified. Limits apply for Ta = 25°C. Digital inputs are TTL and CMOS compatible. 





LM1973 

Units 

(Limits) 

Symbol 

Parameter 

Conditions 

Typical 

Limit 




(Note 5) 

(Note 6) 

Is 

Supply Current 

Inputs are AC Grounded 

3 

5 

mA (max) 

THD + N 

Total Harmonic Distortion plus Noise 

Vin = 0.5 Vpk @ OdB Attenuation 

0.0008 

0.003 

% (max) 

XTalk 

Crosstalk (Channel Separation) 

OdB Attenuation for Vin 

110 


dB 


(Note 7) 

Vqh measured @ -76dB 


SNR 

Signal-to-Noise Ratio 

Inputs are AC Grounded 
@ - 12dB Attenuation 

A-Weighted 

120 

110 

dB (min) 

Am 

Mute Attenuation 


104 

96 

dB (min) 


Attenuation Step Size Error 

OdB to — 1 6dB 


±0.05 

dB (max) 



— 1 7dB to — 48dB 


±0.1 

dB (max) 



— 49dB to — 76dB 


±0.25 

dB (max) 


Absolute Attenuation Error 

Attenuation @ OdB 

0.01 

0.5 

dB (min) 



Attenuation @ -20dB 

19.8 

19.0 

dB (min) 



Attenuation @ -40dB 

39.5 

38.5 

dB (min) 



Attenuation @ -60dB 

59.3 

58.0 

dB (min) 



Attenuation @ -76dB 

74.5 

73.0 

dB (min) 


Channel-to-Channel Attenuation 

Attenuation @ OdB, -20dB, -40dB, -60dB 


±0.5 

dB (max) 


Tracking Error 

Attenuation @ -76dB 


±0.75 

dB (max) 

•leak 

Analog Input Leakage Current 

Inputs are AC Grounded 

10.0 

100 

nA (max) 



• • 



- UNKNOWN/DON’T CARE 

TL/H/ 11958-3 



FIGURE 2. Timing Diagram 
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Electrical Characteristics (Notes 1,2) 

The following specifications apply for all channels with Vqd = + 6V, Vgs - — 6V, Vin = 5.5 Vpk, and f = 1 kHz, unless 
otherwise specified. Limits apply for Ta = 25°C. Digital inputs are TTL and CMOS compatible. (Continued) 


Symbol 

Parameter 

Conditions 

LM1973 

Units 

(Limits) 

Typical 
(Note 5) 

Limit 
(Note 6) 

r in 

AC Input Impedance 

Pins 2, 4, 1 8, V !N = 1 .0 Vpk, f = 1 kHz 

40 

20 

60 

ka (min) 
kn (max) 

•in 

Input Current 

@ Pins 9, 10, 1 1 @ 0V < V| N < 5V 

1.0 

±100 

nA (max) 

f CLK 

Clock Frequency 


3 

2 

MHz (max) 

V|H 

High-Level Input Voltage 

@ Pins 9, 10, 11 


2.0 

V (min) 

V|L 

Low-Level Input Voltage 

@ Pins 9, 10, 11 


0.8 

V (max) 


Data-Out Levels (Pin 12) 

V D D ~ 6V, V SS — 0V 



V (max) 

V (min) 


Note 1: All voltages are measured with respect to GND (pins 1,3, 5, 14, 17), unless otherwise specified. 

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions 
which guarantee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where 
no limit is given, however, the typical value is a good indication of device performance. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjm AX , 0ja. and the ambient temperature T A . The maximum 
allowable power dissipation is PD = (Tjmax - T A )/0j A or the number given in the Absolute Maximum Ratings, whichever is lower. For the LM1973N, Tjm AX = 
+ 150°C, and the typical junction-to-ambient thermal resistance, when board mounted, is 65°C/W. 

Note 4: Human body model, 100 pF discharged through a 1.5 KH resistor. 

Note 5: Typicals are measured at 25°C and represent the parametric norm. 

Note 6: Limits are guaranteed to National’s AOQL (Average Output Quality Level). 

Note 7: At the present time the Crosstalk measurement is specified as a typical only, which is due to a hardware limitation of the automated test equipment. 
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Pin Description 

Signal Ground (1, 5, 17): Each input has its own indepen- 
dent ground, GND1, GND2, and GND3. 

Signal Input (2, 4, 18): There are 3 independent signal in- 
puts, INI, IN2, and IN3. 

Signal Output (6, 16, 20): There are 3 independent signal 
outputs, OUT1, OUT2, and OUT3. 

Voltage Supply (13, 15): Positive voltage supply pins, Vqdi 
and Vqd 2 - 

Voltage Supply (7, 19): Negative voltage supply pins, Vgsi 
and Vss2- To be tied to ground in a single supply configura- 
tion. 

AC Ground (3, 14): These two pins are not physically con- 
nected to the die in any way (i.e., No bondwires). These pins 
must be AC grounded to prevent signal coupling between 
any of the pins nearby. Pin 1 4 should be connected to pins 
13 and 15 for ease of wiring and the best isolation. 

Logic Ground (8): Digital signal ground for the interface 
lines; CLOCK, LOAD/SHIFT, DATA-IN and DATA-OUT. 
Clock (9): The clock input accepts a TTL or CMOS level 
signal. The clock input is used to load data into the internal 
shift register on the rising edge of the input clock waveform. 
Load/Shift (10): The load/shift input accepts a TTL or 
CMOS level signal. This is the enable pin of the device, 
allowing data to be clocked in while this input is low (0V). 
Data-In (11): The data-in input accepts a TTL or CMOS 
level signal. This pin is used to accept serial data from a 
microcontroller that will be latched and decoded to change 
a channel’s attenuation level. 


Data-Out (12): This pin is used in daisy-chain mode where 
more than one jwPot is controlled via the same data line. As 
the data is clocked into the chain from the jnC, the preced- 
ing data in the shift register is shifted out the DATA-OUT pin 
to the next jmPot in the chain or to ground if it is the last ju,Pot 
in the chain. The LOAD/SHIFT line goes high once all of the 
new data has been shifted into each of its respective regis- 
ters. 

Connection Diagram 
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Typical Performance Characteristics 


Supply Current vs 
Supply Voltage 



8 9 10 11 12 

SUPPLY VOLTAGE (V) 


THDvsFreq by FFT 

V D D - V S s = 12V 
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THD vs Vqut 
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Noise Floor Spectrum by FFT 
Amplitude vs Frequency 
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Application Information 

ATTENUATION STEP SCHEME 

The fundamental attenuation step scheme for the LM1973 
jaPdt is shown in Figure d. This attenuation step scheme, 
however, can be changed through programming techniques 
to fit different application requirements. One such example 
would be a constant logarithmic attenuation scheme of 2dB 
steps for a panning function as shown in Figure 5. The only 
restriction to the customization of attenuation schemes are 
the given attenuation levels and their corresponding data 
bits shown in Table I. The device will change attenuation 
levels only when a channel address is recognized. When 
recognized, the attenuation level will be changed corre- 
sponding to the data bits shown in Table I. As shown in 
Figure 6, an LM1973 can be configured with a mono audio 
signal level control and with a panning control which sepa- 
rates the mono signal into left and right channels. This cir- 
cuit may utilize the fundamental attenuation scheme of the 
LM1973 for the level control, but also possess a constant 
2dB panning control for the left and right channels as stated 
earlier. 

LM 1 973 Channel Attenuation 



Digital Step Value 

TL/H/1 1958-7 

FIGURE 3. LM1973 Attenuation Step Scheme 


LM1973 Channel Attenuation 
vs Digital Step Value 
(Programmed I.OdB Steps) 



0 IQ 20 30 40 50 60 70 80 


Digital Step Value 

TL/H/1 1958-14 

FIGURE 4. LM1973 I.OdB and 2.0dB 
Attenuation Step Scheme 


LM1973 Channel Attenuation 
vs Digital Step Value 
(Programmed 2.0dB Steps) 



Digital Step Value 


TL/H/1 1958-1 5 

FIGURE 5. LM1973 2.0dB Attenuation Step Scheme 



FIGURE 6. Mono Level Control with Panning Circuit 
INPUT IMPEDANCE 


The input impedance of a jaPot is constant at a nominal 
40 kn. To eliminate any unwanted DC components from 
propagating through the device it is common tp use 1 julF 
input coupling caps. This is not necessary, however, if the 
dc offset from the previous stagb is negligible. For higher 
performance systems, input coupling caps are preferred. 

OUTPUT IMPEDANCE 

The output of a jaPot varies typically between 25 kn and 
35 kn and changes nonlinearly with step changes. Since a 
jaPot is made up of a resistor ladder network with a logarith- 
mic attenuation, the output impedance is nonlinear. Due to 
this configuration, a jaPot cannot be considered as a linear 
potentiometer, but can be considered only as a logarithmic 
attenuator. 

It should be noted that the linearity of a jaPot cannot be 
measured directly without a buffer because the input imped- 
ance of most measurement systems is not high enough to 
provide the required accuracy. Due to the low impedance of 
the measurement system, the output of the jaPot would be 
loaded down and an incorrect reading will result. To prevent 
loading from occurring, a JFET input op amp should be used 
as the buffer/ amplifier. The performance of a jaPot is limited 
only by the performance of the external buffer/amplifier. 
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Application Information (Continued) 

MUTE FUNCTION 

One major feature of a jaPot is its ability to mute the input 
signal to an attenuation level of 104dB as shown in Figure 3. 
This is accomplished internally by physically isolating the 
output from the input while also grounding the output pin 
through approximately 2 kn. 

The mute function is obtained during power-up of the device 
or by sending any binary data of 01001111 and above (to 
11111111) serially to the device. The device may be placed 
into mute from a previous attenuation setting by sending 
any of the above data. This allows the designer to place a 
mute button onto his system which could cause a microcon- 
troller to send the appropriate data to a jaPot and thus mute 
any or all channels. Since this function is achieved through 
software, the designer has a great amount of flexibility in 
configuring the system. 

DC INPUTS 

Although the jaPot was designed to be used as an attenua- 
tor for signals within the audio spectrum, the device is capa- 
ble of tracking an input DC voltage. The device will track DC 
voltages to a diode drop above each supply rail. 

One point to remember about DC tracking is that with a 
buffer at the output of the jutPot, the resolution of DC track- 
ing will depend upon the gain configuration of that output 
buffer and its supply voltage. It should also be remembered 
that the output buffer’s supply voltage does not have to be 
the same as the jaPot’s supply voltage. This could allow for 
more resolution when DC tracking. 

SERIAL DATA FORMAT 

The LM1973 uses a 3-wire serial communication format that 
is easily controlled by a microcontroller. The timing for the 
3-wire set, comprised of DATA-IN, CLOCK, and LOAD/ 
SHIFT is shown in Figure 2. Figure 8 exhibits in block dia- 
gram form how the digital interface controls the tap 
switches which select the appropriate attenuation level. As 
depicted in Figure 2, the LOAD/SHIFT line is to go low at 
least 1 50 ns before the rising edge of the first clock pulse 
and is to remain low throughout the transmission of each 
set of 16 data bits. The serial data is comprised of 8 bits for 
channel selection and 8 bits for attenuation setting. For both 
address data and attenuation setting data, the MSB is sent 
first and the 8 bits of address data are to be sent before the 
8 bits of attenuation data. Please refer to Figure 7 to confirm 
the serial data format transfer process. 


TABLE I. LM1973 Micropot Attenuator 


Register Set Description 


MSB LSB 

Address Register (Byte 0) 

0000 0000 

Channel 1 

0000 0001 

Channel 2 

0000 0010 

Channel 3 

Data Register (Byte 1) 

Contents 

Attenuation Level dB 

0000 0000 

0.0 

0000 0001 

0.5 

0000 0010 

1.0 

0000 001 1 

1.5 



0001 1110 

15.0 

0001 1111 

15.5 

0010 0000 

16.0 

0010 0001 

17.0 

0010 0010 

18.0 



0011 1110 

46.0 

0011 1111 

47.0 

0100 0000 

48.0 

0100 0001 

50.0 

0100 0010 

52.0 



0100 1100 

72.0 

0100 1101 

74.0 

01001110 

76.0 

01001111 

100.0 (Mute) 

0101 0000 

100.0 (Mute) 



1111 1110 

100.0 (Mute) 

1111 1111 

100.0 (Mute) 


MSB MSB 



I 

ATTENUATION SETTING 
BYTE 1 


J I 

CHANNEL SELECTION 


J 


BYTE 0 


FIGURE 7. Serial Data Format Transfer Process 
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DATA-IN 
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Application Information (Continued) 

ju,Pot SYSTEM ARCHITECTURE 

The jmPofs digital interface is essentially a shift register, 
where serial data is shifted in, latched, and then decoded. 
As new data is shifted into the DATA-IN pin, the previously 
latched data is shifted out the DATA-OUT pin. Once the 
data is shifted in, the LOAD/SHIFT line goes high, latching 
in the new data. The data is then decoded and the appropri- 
ate switch is activated to set the desired attenuation level 
for the selected channel. This process is continued each 
and every time an attenuation change is made. Each chan- 
nel is updated, only, when that channel is selected for an 
attenuator change or the system is powered down and then 
back up again. When the juPot is powered up, each channel 
is placed into the muted mode. 

jaPot LADDER ARCHITECTURE 

Each channel of a juPot has its own independent resistor 
ladder network. As shown in Figure 9, the ladder consists of 
multiple R1/R2 elements which make up the attenuation 
scheme. Within each element there are tap switches that 
select the appropriate attenuation level corresponding to 
the data bits in Table I. It can be seen in Figure 9 that the 
input impedance for the channel is a constant value regard- 
less of which tap switch is selected, while the output imped- 
ance varies according to the tap switch selected. 



DIGITAL LINE COMPATIBILITY 


The juiPot’s digital interface section is compatible with either 
TTL or CMOS logic due to the shift register inputs acting 
upon a threshold voltage of 2 diode drops or approximately 
1.4V. 

DIGITAL DATA-OUT PIN 

The DATA-OUT pin is available for daisy-chain system con- 
figurations where multiple juPots will be used. The use of the 
daisy-chain configuration allows the system designer to use 
only one DATA and one LOAD/SHIFT line per chain, thus 
simplifying PCB trace layouts. 

In order to provide the highest level of channel separation 
and isolate any of the signal lines from digital noise, the 
DATA-OUT pin should be terminated through a 2 kft resis- 
tor if not used. The pin may be left floating, however, any 
signal noise on that line may couple to adjacent lines creat- 
ing higher noise specs. 



GND1 GND2 


TL/H/1 1958-10 

FIGURE 8. juPot System Architecture 
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Application Information (Continued) 

DAISY-CHAIN CAPABILITY 

Since the jaPot’s digital interface is essentially a shift regis- 
ter, multiple jutPots can be programmed utilizing the same 
data and load/shift lines. As shown in Figure 10, for an 
n-juPot daisy-chain, there are 16n bits to be shifted and 
loaded for the chain. The data loading sequence is the 
same for n-jaPots as it is for one jmPot. First the LOAD/ 
SHIFT line goes low, then the data is clocked in sequentially 
while the preceding data in each juPot is shifted out the 
DATA-OUT pin to the next jaPot in the chain or to ground if it 
is the last juPot in the chain. Then the LOAD/SHIFT line 
goes high; latching the data into each of their corresponding 
jaPots. The data is then decoded according to the address 
(channel selection) and the appropriate tap switch control- 
ling the attenuation level is selected. 

CROSSTALK MEASUREMENTS 

The crosstalk of a jmPot as shown in the Typical Perform- 
ance Characteristics section was obtained by placing a 
signal on one channel and measuring the level at the output 
of another channel of the same frequency. It is important to 
be sure that the signal level being measured is of the same 
frequency such that a true indication of crosstalk may be 
obtained. Also, to ensure an accurate measurement, the 
measured channel’s input should be AC grounded through a 
1 ju,F capacitor. 

CLICKS AND POPS 

So, why is that output buffer needed anyway? There are 
three answers to this question, all of which are important 
from a system point of view. 

The first reason to utilize a buffer/amplifier at the output of a 
jaPot is to ensure that there are no audible clicks or pops 
due to attenuation step changes in the device. If an on- 
board bipolar op amp had been used for the output stage, 
its requirement of a finite amount of DC bias current for 
operation would cause a DC voltage “pop” when the output 
impedance of the jaPot changes. Again, this phenomenon is 
due to the fact that the output impedance of the jaPot is 
changing with step changes and a bipolar amplifier requires 
a finite amount of DC bias current for its operation. As the 
impedance changes, so does the DC bias current and thus 
there is a DC voltage “pop”. 

Secondly, the jaPot has no drive capability, so any desired 
gain needs to be accomplished through a buffer/ non-invert- 
ing amplifer. 


Third, the output of a jaPot needs to see a high impedance 
to prevent loading and subsequent linearity errors from 
ocurring. A JFET input buffer provides a high input imped- 
ance to the output of the jaPot so that this does not occur. 
Clicks and pops can be avoided by using a JFET input buff- 
er/amplifier such as an LF412ACN. The LF412 has a high 
input impedance and exhibits both a low noise floor and low 
THD + N throughout the audio spectrum which maintains 
signal integrity and linearity for the system. The perform- 
ance of the system solution is entirely dependent upon the 
quality and performance of the JFET input buffer/amplifier. 

LOGARITHMIC GAIN AMPLIFIER , 

The jiiPot is capable of being used in the feedback loop of 
an amplifier, however, as stated previously, the output of the 
jLtPot needs to see a high impedance in order to maintain its 
high performance and linearity. Again, loading the output will 
change the values of attenuation for the device. As shown 
in Figure 11, a jaPot used in the feedback loop creates a 
logarithmic gain amplifier. In this configuration the attenua- 
tion levels from Table I, now become gain levels with the 
largest possible gain value being 76dB. For most applica- 
tions 76dB of gain will cause signal clipping to occur, how- 
ever, because of the jaPot’s versatility the gain can be con- 
trolled through programming such that the clipping level of 
the system is never obtained. An important point to remem- 
ber is that when in mute mode the input is disconnected 
from the output. In this configuration this will place the am- 
plifier in its open loop gain state, thus resulting in severe 
comparator action. Care should be taken with the program- 
ming and design of this type of circuit. To provide the best 
performance, a JFET input amplifier should be used. 



FIGURE 11. Digitally-Controlled 
Logarithmic Gain Amplifier Circuit 



1 n ? OT IN CHAIN 
REQUIRES 16-BIT 
DATA STREAM 


2 /xPOTS IN CHAIN 
REQUIRE 32-BIT 
DATA STREAM 


3 /*POTS IN CHAIN 
REQUIRE 48-BIT 
DATA STREAM 



n n POTS I 
REQUIRE 
DATA STREAM 


TL/H/1 1958-12 

FIGURE 10. n-jaPot Daisy-Chained Circuit 



1-219 


LM1973 








LMC835 


Na t ion a l Semiconductor 


LMC835 Digital Controlled Graphic Equalizer 


General Description 

The LMC835 is a monolithic, digitally-controlled graphic 
equalizer CMOS LSI for Hi-Fi audio. The LMC835 consists 
of a Logic section and a Signal Path section made of analog 
switches and thin-film silicon-chromium resistor networks. 
The LMC835 is used with external resonator circuits to 
make a stereo equalizer with seven bands, ± 12 dB or ±6 
dB gain range and 25 steps each. Only three digital inputs 
are needed to control the equalization. The LMC835 makes 
it easy to build a jaP-controlled equalizer. 

The signal path is designed for very low noise and distor- 
tion, resulting in very high performance, compatible with 
PCM audio. 


Features 

■ No volume controls required 

■ Three-wire interface 

■ 14 bands, 25 steps each 

■ ±12 dB or ±6 dB gain ranges 

■ Low noise and distortion 

■ TTL, CMOS logic compatible 

Applications 

■ Hi-Fi equalizer 

■ Receiver 

■ Car stereo 

■ Musical instrument 

■ Tape equalization 

■ Mixer 

■ Volume controller 


Connection Diagrams 


Dual-ln-Line Package 


Molded Chip Carrier Package 
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Top View 

Order Number LMC835V 
See NS Package V28A 


Top View 

Order Number LMC835N 
See NS Package N28B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vdd _ Vss 18V 

Allowable Input Voltage (Note 1 ) Vss ~ 0.3 V 

to Vdq + 0.3V 

Storage T emperature, T stg - 60°C to + 1 50°C 

Lead Temperature (Soldering, 1 0 sec), N Pkg + 260°C 

Lead Temperature, V Pkg 

Vapor Phase (60 sec) +215°C 

Infrared (15 sec) +220°C 


Operating Ratings 

Supply Voltage, Vdd~Vss 
D igital Ground (Pin 13) 

Digital Input (Pins 14, 15, 16) 

Analog Input (Pins 1, 2, 3, 4, 25, 26, 27) 
(Note 1) 

Operating Temperature, T opr 


5 V to 1 6 V 
Vss to Vqd 
Vss t0 Vqd 

Vss to Vqd 
— 40°C to +85°C 


Electrical Characteristics (Note 2) v DD =7.5v, v ss = -7.sv, a.gnd=ov 

LOGIC SECTION 


Symbol 

Parameter 

Test Conditions 

Typ 

Tested 
Limit 
(Note 3) 

Design 
Limit 
(Note 4) 

Unit 

(Limit) 

■ddl 

Supply Current 

Pins 14, 15, 16 are 0V 

0.01 

0.5 

0.5 

mA (Max) 

ISSL 


Pins 14, 15, 16 are 0V 

0.01 

0.5 

0.5 

mA (Max) 

>ddh 


Pins 14, 15, 16 are 5V 

1.3 

5 

5 

mA (Max) 

*SSH 


Pins 14, 15, 16 are 5V 

0.9 

5 

5 

mA (Max) 

V|H 

High-Level Input Voltage 

@Pins 14, 15, 16 

1.8 

2.3 

2.5 

V (Min) 

V|L 

Low-Level Input Voltage 

@Pins 14, 15, 16 

0.9 

0.6 

0.4 

V (Max) 

fo 

Clock Frequency 


IS1S3 


500 

kHz (Max) 

tw(§TB) 

Width of WTB Input 

See Figure 1 


1 

1 

jus (Min) 

wm 

Data Setup Time 

See Figure ! 


1 

1 

juts (Min) 

thold 

Data Hold Time 

See Figure 1 

0.25 

1 

1 

jus (Min) 


Delay from Rising Edge of CLOCK 
to STB 

See Figure 1 

0.25 

mm 

1 

jjls (Min) 

l|N 

Input Current 

@Pins 14, 15, 16 0V<V| N <5V 

±0.01 

+ 1 


jxA (Max) 

C|N 

Input Capacitance 

@Pins 14, 15, 1 6 f = 1 MHz 

5 



pF 


Note 1: Pins 2, 3 and 26 have a maximum input voltage range of ±22V for the typical application shown in Figure 7. 

Note 2: Bold numbers apply at temperature extremes. All other numbers apply at Ta= 25°C, Vqd = 7.5V, Vss= - 7.5V.D.GND = A.GND = 0V as shown in the test 
circuit, Figures 3 and 4. 

Note 3: Guaranteed and 100% production tested. 

Note 4: Guaranteed (but not 100% production tested) over the operating temperature range. These limits are not used to calculate outgoing quality levels. 


Timing Diagram 


CLOCK INPUT 


DATA INPUT 


STROBE INPUT 



Note: To change the gain of the presently selected band, it is not necessary to send DATA 1 (Band Selection) each time. 


FIGURE 1 


TL/H/6753-3 
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Electrical Characteristics (Note 2) v DD =7.5v, v S s=-7.5v, d.gnd=a.gnd=ov 


SIGNAL PATH SECTION 






Tested 

Design 

Unit 

Symbol 

Parameter 

Test Conditions 

Typ 

Limit 

Limit 

(Limit) 




(Note 3) 

(Note 4) 

Ea 

Gain Error 

Ay=0 dB @ ± 12 dB Range 

0.1 

0.5 

0.5 

dB (Max) 



Ay = 0 dB @ ± 6 dB Range 

0.1 

1 

1 

dB (Max) 



Ay= ±1 dB @ ± dB Range 

0.1 

0.5 

0.6 

dB (Max) 



(R 5b or R 5c is ON) 

Ay = ±2 dB @ ± 12 dB Range 

0.1 

0.5 

0.6 

dB (Max) 



(R 4b or R 4c is ON) 

Ay = ±3 dB @± 12 dB Range 

0.1 

0.5 

0.6 

dB (Max) 



(R 3b or R 3c is ON) 

Ay = ±4dB @± 12dB Range 

0.1 

0.5 

0.7 

dB (Max) 



(R 2b or R 2c is ON) 

Ay = ±5 dB @±12 dB Range 

0.1 

0.5 

0.7 

dB (Max) 



(R 1b or R 1c is ON) 

Ay = ± 9 dB @ ± 1 2 dB Range 

0.2 

1 

1.3 

dB (Max) 



(R ob or R 0c is ON) 





THD 

Total Harmonic 

Ay = 0 dB @±12 dB Range 

0.0015 



% 


Distortion 

V| N = 4V rmS) f=1kHz 
Ay=12dB @ ± 12 dB Range 







V| N =1Vrms,f=1kHz 

0.01 

0.1 


% (Max) 



V| N ==1Vrms.f = 20 kHz 

Ay = — 12 dB @ ± 12 dB Range 

0.1 

0.5 


% (Max) 



V|N = 4V rms , f = 1 kHz 

0.01 

0.1 


% (Max) 



V| N = 4V rms ,f=20 kHz 

0.1 

0.5 


% (Max) 





5.1 

5 

Vrms (Min) 



THD <1 %, f = 1 kHz 






Signal to Noise Ratio 

Ay=0dB@ ± 12 dB Range 

114 



dB 



Vref = 1 V rms 

Ay= 12dB@ ±12 dB Range 

106 



dB 



V r ef = 1 V rms 

Ay=-12dB@ ± 12 dB Range 

116 



dB 



Vref = 1 V rms 





■leak 

Leakage Current 

Ay=0dB@ ±12dB Range 
(All internal switches are OFF) 







Pin 2 + 3, Pin 26 


500 


nA (Max) 



Pin 5 ~ Pin 1 1 , Pin 1 8 ~ Pin 24 


50 


nA (Max) 


Note 2; Boldface numbers apply at temperature extremes. All other numbers apply at T A =25°C, V D d=7.5V, Vss= -7.5V, D.GND= A.GND=OV as shown in the 
test circuit, Figures 3 and 4. 


Note 3: Guaranteed and 100% production tested. 

Note 4: Guaranteed (but not 100% production tested) over the operating temperature range. These limits are not used to calculate outgoing quality levels. 

Timing Diagrams 


CLOCK 


-DATA SETS - 


-DATA I (BAND SELECTION) - 


-DATA II (GAIN SELECTION) — 


STROBE 


liinjirLTuim — Lruinjinjiru - 

,XE)Q(EXZXEXHXEXEX_.X3QQQQQ0(EX_ 

U U 


TL/H/6753-4 


Note: To change the gain of the presently selected band, it is not necessary to send DATA 1 (Band Selection) each time. 

FIGURE 2 
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Truth Tables 


DATA I (Band Selection) 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

H 

X 

L 

L 

L 

L 

L 

L 

H 

X 

L 

L 

L 

L 

L 

H 

H 

X 

L 

L 

L 

L 

H 

L 

H 

X 

L 

L 

L 

L 

H 

H 

H 

X 

L 

L 

L 

H 

L 

L 

H 

X 

L 

L 

L 

H 

L 

H 

H 

X 

L 

L 

L 

H 

H 

L 

H 

X 

L 

L 

L 

H 

H 

H 

H 

X 

L 

L 

H 

L 

L 

L 

H 

X 

L 

L 

H 

L 

L 

H 

H 

X 

L 

L 

H 

L 

H 

L 

H 

X 

L 

L 

H 

L 

H 

H 

H 

X 

L 

L 

H 

H 

L 

L 

H 

X 

L 

L 

H 

H 

L 

H 

H 

X 

L 

L 

H 

H 

H 

L 

H 

X 

L 

L 

H 

H 

H 

H 

H 

X 

L 

H 


Valid Binary Input 


H 

X 

H 

L 


Valid Binary Input 


H 

X 

H 

H 


Valid Binary Input 


t 

© 

t 

© 

t 

© 

t 

© 

Band Code — ► 


© DATA 1 
© Don’t Care 

© Ch A ±6 dB/±12 dB Range 
© Ch B ±6 dB/±12 dB Range 


(Ch A: Band 1 -7, Ch B: Band 8-14) 

Ch A ± 1 2 dB Range, Ch B ± 1 2 dB Range, No Band Selection 

Ch A + 12 dB Range, Ch B ± 12 dB Range, Band 1 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 2 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 3 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 4 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 5 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 6 

Ch A ± 1 2 dB Range, Ch B ± 1 2 dB Range, Band 7 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 8 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 9 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 10 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 11 

Ch A ± 1 2 dB Range, Ch B ± 1 2 dB Range, Band 1 2 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 13 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, Band 14 

Ch A ± 12 dB Range, Ch B ± 12 dB Range, No Band Selection 

Ch A ± 12 dB Range, Ch B ± 6 dB Range, Band 1 — 14 
Ch A ± 6 dB Range, Ch B ± 12 dB Range, Band 1 — 14 
Ch A ± 6 dB Range, Ch B ± 6 dB Range, Band 1 — 14 


This is the gain if the ±12 dB range is 
selected by DATA I. If the ±6 dB 
range is selected, then the values 
shown must be approximately halved. 
See the characteristics curves for 
more exact data. 


DATA II (Gain Selection) 



D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Flat 

L 

X 

L 

L 

L 

L 

L 

L 

r 1 dB Boost 

L 

H 

H 

L 

L 

L 

L 

L 

2 dB Boost 

L 

H 

L 

H 

L 

L 

L 

L 

3 dB Boost 

L 

H 

L 

L 

H 

L 

L 

L 

4 dB Boost 

L 

H 

L 

L 

L 

H 

L 

L 

5 dB Boost 

L 

H 

L 

L 

L 

L 

H 

L 

6 dB Boost 

L 

H 

L 

H 

L 

L 

H 

L 

H 7 dB Boost 

L 

H 

H 

L 

H 

L 

H 

L 

8 dB Boost 

L 

H 

L 

H 

L 

H 

H 

L 

9 dB Boost 

L 

H 

L 

L 

L 

L 

L 

H 

10 dB Boost 

L 

H 

H 

L 

H 

L 

L 

H 

1 1 dB Boost 

L 

H 

H 

L 

H 

H 

L 

H 

12 dB Boost 

L 

H 

H 

L 

H . 

H 

H 

H 

. 1 dB — 12 dB Cut 

L 

L 

Valid Above Input 


t 

® 

t 

© 



Gain Code 




© DATA II 
® Boost/Cut 
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Test Circuits (Continued) 


r | 



FIGURE 5. 1 to V Converter 



FIGURE 6. Simple Word Generator 


Typical Performance Characteristics 


Supply Current vs 
Supply Voltage 
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Input Capacitance vs 
Input Voltage 
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Typical Performance Characteristics (Continued) 


Maximum Output Voltage 
vs Supply Voltage 

ta'-wc ' inzc 

±12 d* RANGE FLAT 
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Typical Applications (Continued) 

Performance Characteristics (Circuit of Figure 7) 


LMC835 Gain vs Frequency 
@ ± 12 dB Range 
(All Boost or Cut) 


LMC835 Gain vs Frequency 
+ 12 dB Range 
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LMC835 Gain vs Frequency 
@ ± 6 dB Range 
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FIGURE 9. 12-Band Equalizer 
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Typical Applications (Continued) 


TABLE II. Tuned Circuit Elements 
Qo = 4.7, Qi2dB = 1-4 



fo(Hz) 

C 0 (F) 

c l (F) 

R L (n) 

Ro(H) 

Z1 

16 

3.3/jl 

0.47/1 

100k 

680 

Z2 

31.5 

15/t 

0.22/1 

110k 

680 

Z3 

63 

1^ 

O.l/i 

100k 

680 

Z4 

125 

0.39/1 

0.068/1 

91k 

680 

Z5 

250 

0.22j fi 

0.033/1 

82k 

680 

Z6 

500 

0.1/1 

0.015/1 

100k 

680 

Z7 

Ik 

0.047/1 

O.OI/i 

82k 

680 

Z8 

2k 

0.022/1 

0.0047/1 

91k 

680 

Z9 

4k 

0.01/1 

0.0022/1 

110k 

680 

Z10 

8k 

0.0068/1 

0.001/1 

82k 

680 

Z11 

16k 

0.0033/1 

680p 

62k 

680 

Z12 

32k 

0.001 5/i 

470p 

68k 

510 


PIN ‘‘LC’’ PIN 26 


rT“.n — 1 



(1590«l55k//16k7l1k//8k//3 kO) 


1_o=Cl Rl Ro 

' 0= 2^fiS 

Q ° = Vc 0 Ro 2 

n R o Q o 

12 dB Rq+1590 


FIGURE 10. Tuned Circuit for 
12-Band Equalizer (Figure 9) 


Performance Characteristics (Circuit of Figure 9) 


12 Band Equalizer Application 
LMC835 Gain vs Frequency 
@ ±6 dB Range 
(All Boost or Cut) 
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LMC835 12 Band E.Q. Application 
Gain vs Frequency 
@ ± 12 dB Range 
(1 kHz Boost or Cut) 
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12 Band Equalizer Application 
LMC835 Gain vs Frequency 
@ ± 12 dB Range 
(All Boost or Cut) 
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LMC835 12 Band E.Q. Application 
Gain vs Frequency 
@ ±6dB Range 
(1 kHz Boost or Cut) 
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Typical Applications (Continued) 


PIN 1C PIN 2. 3 OR 26 

r lsd 1 

Icoi 100,1 I 



l_o = C L> R l , Rq 

F ° = 27rVLoCo 
Qq = VCqRo 2 
_ RpQo 


I 11 I 

( 1 590H > 55k // 1 6k // 1 1 k // 8k // 3 kil) 
TL/H/6753-25 


V 8 

Hh — F 


r— ir"ir— If— ir-ir-ir— 1 

i ii ii „ ii ii ii ii ■ 


II 

-- ii 

n 

n M 1 



9 
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S3 

□Xp'f 

1 20 1 19 Ii 8 

17 

r 
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A.6ND 

A|N5 
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A|N7 
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LC14 

Voo 

DATA STROBE 







LMC835 






Aiwt 

A(N2 
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A|N4 
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LC3 LC4 
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LC7 

Vss 

D.GND CLOCK 

_L 

3 

3 

3 

3 

3 

33 

3 

3 

"F 

T 

1" Li* 



+ 
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loop 
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_J 1 , 


11 
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n 
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Vdd. 
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FIGURE 1 1. Single Supply Stereo Equalizer 
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Typical Applications (Continued) 


EACH INPUT 
SELECTABLE. 

GAIN IS OFF. 

-17 dB TO + 14 d 







FIGURE 12. Stereo 7-Input/ 1 -Output Mixers 
(THD is not as low as equalizer circuit) 


FIGURE 13. Stereo Volume Control, Very Low THD 


1k< ZZ!56pX < 100k 


CKO CK1 RESET 


KEYBOARD I I DISPLAY 


FIGURE 14. LMC835-COP404L CPU Interface 



























Typical Applications (Continued) 


Sample Subroutine Program for Figure 14 LMC835-COP404L CPU Interface 


HEX 




CODE 

LABEL 

MNEMONICS 


3F 

LMC835 : 

LB I 

3F 

05 

SEND 

LD 


22 


SC 


335F 


OGI 


4F 


XAS 


05 


LD 


07 


XDS 


05 


LD 


4F 


XAS 


05 


LD 


07 


XDS 


32 


RC 


4F 


XAS 


335D 


OGJ 

13 

335B 


OGI 

11 

4E 


CBA 


43 


AISC 

3 

48 


RET 


80 


JP 

SEND 


RAM 




ADDRESS 

COMMENTS 

3C 

DATA 

;GAIN DATA D4-D7 

3D 

DATA 

; GAIN DATA D0-D3 

3E 

DATA 

;BAND DATA D4-D7 

3F 

DATA 

;BAND DATA D0-D3 


COMMENTS 

;P0INT TO RAMADDRESS 3F 
; RAMDATA TO A 
; SET CARRY 

;SET PORT G= 1111 , OPEN THE AND GATES 

;SWAP A AND SIO , CLOCK START 

;RAMDATA TO A , MAKE SURE A = DATA 

;SWAP A AND RAMDATA , RAMADDRESS=RAMADDRESS-1 

; RAMDATA TO A 

;SWAP A AND SIO 

; RAMDATA TO A, MAKE SURE A=NEWDATA 

;SWAP A AND RAMDATA , RAMADDRE S S=RAMADDRE S S- 1 

; RESET CARRY 

;SWAP A AND SIO, CLOCK STOP 

;SET PORT G=1101 , MAKE STROBE LOW 

;SET PORT G=1011, MAKE STROBE HIGH, CLOSE THE 

GATES 

;BD TO A 

;RAMADDRESS<3C THEN RETURN 


Application Hints 

SWITCHING NOISE 

The LMC835 uses CMOS analog switches that have small 
leakages (less than 50 nA). When a band is selected for flat 
gain, all the switches in that band are open and the resona- 
tor circuit is not connected to the LMC835 resistor network. 
It is only in the flat mode that the small leakage currents can 
cause problems. The input to the resonator circuit is usually 
a capacitor and the leakage currents will slowly charge up 
this capacitor to a large voltage if there is no resistive path 
to limit it. When the band is set to any value other than flat, 
the charge on the capacitor will be discharged by the resis- 
tor network and there will be a transient at the output. To 
limit the size of this transient, Rleak is necessary. 

HOW TO AVOID SWITCHING NOISE DUE TO LEAKAGE 
CURRENT (Refer to Figures 7and 8) 

To avoid switching noise due to leakage currents when 
changing the gain, it is recommended to put Rleak = 100 
kft between Pin 3 and Pin 5—1 1 each, Pin 26 and Pin 1 2— 
24 each. The resistor limits the voltage that the capacitor 
can charge to, with minimal effects on the equalization. The 
frequency response change due to Rleak are shown in Fig- 
ure 15. The gain error is only 0.2 dB and Q error is only 5% 
at 1 2 dB boost or cut. 


SIMPLE WORD GENERATOR (Figure 6) 

Circuit operation revolves around an MM74HC1 65 parallel- 
in/serial-out shift register. Data bits DO through D7 are ap- 
plied to the parallel 6f the MM74HC165 from 8 toggle 
switches. The bits are shifted out to the DATA input of the 
LMC835 in sync with the clock. When all data bits have 
been loaded, CLOCK is inhibited and a STROBE pulse is 
generated: this sequence is initiated by a START pulse. 

LMC835-COP404L CPU INTERFACE (Refer to Figure 14) 
The diagram shows AND gates between the COP and the 
LMC835. These permit G2 to inhibit the CLOCK and DATA 
lines (SK and SO) during a STROBE (G1) pulse. This func- 
tion may also be implemented in software. As shown in Fig- 
ure 2 , the data groups are shifted in DO first. Data is loaded 
on positive clock edges. 

POWER SUPPLIES 

These applications show LM31 7/337 regulators for the 
± 7.5V supplies for the LMC835. Since the latter draws only 
5 mA max., Ik series dropping resistors from the ± 15V op 
amp supply and a pair of 7.5V zeners and bypass caps will 
also suffice. 
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Application Hints (Continued) 


MODEL 



RESULT 



FIGURE 15. Effect of R L eak 


REDUCING EXTERNAL COMPONENTS 

The typical application shown in Figure 7 is switching noise 
free. The DC-coupled circuit in Figure 16 is also switching 
noise free, except at 12 dB/6 dB switch turn ON/OFF. This 
switching noise is caused by the Ibias and v offset of the op 


AC COUPLING 



amps. Selecting a low Ibias and v offset op amp can minimise 
the switching noise due to the 12 dB/6 dB switch. The DC- 
coupled application can also eliminate the Rp= 100k resis- 
tors with only a 0.5 dB gain error at 12 dB boost or cut. 


DC COUPLING 



External Components 
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LMC1982 

Digitally-Controlled Stereo Tone 

and Volume Circuit with Two Selectable Stereo Inputs 


General Description 

The LMC1 982 is a monolithic integrated circuit that provides 
volume, balance, tone (bass and treble), enhanced stereo, 
and loudness controls and selection between two pairs of 
stereo inputs. These functions are digitally controlled 
through a three-wire communication interface. There are 
two digital inputs for easy interface to other audio peripher- 
als such as stereo decoders. The LMC1 982 is designed for 
line level input signals (300 mV-2V) and has a maximum 
gain of —0.5 dB. Volume is set at minimum and tone con- 
trols are flat when supply voltage is first applied. 

Low noise and distortion result from using analog switches 
and poly-silicon resistor networks in the signal path. 
Additional tone control can be achieved using the LMC835 
stereo 7-band graphic equalizer connected to the 
LMC1982’s SELECT OUT/SELECT IN external processor 
loop. 

Features 

■ Low noise and distortion 

■ Two pairs of stereo inputs 


■ Enhanced stereo function 

■ Loudness compensation 

■ 40 position 2 dB/step volume attenuator plus mute 

■ Independent left and right volume controls 

■ Low noise-suitable for use with DNR® and Dolby® 
noise reduction 

■ External processor loop 

■ Signal handling suitable for compact discs 

■ Pop-free switching 

■ Serially programmable: INTERMETAL bus (IM) interface 

■ 6V to 1 2V single supply operation 

■ 28 Pin DIP or PLCC package 

Applications 

■ Stereo television 

■ Music reproduction systems 

■ Sound reinforcement systems 

■ Electronic music (MIDI) 

■ Personal computer audio control 


Block and Connection Diagrams 


23 22 21 20 19 18 17 

R SELECT OUT R SELECT IN R TONE IN R TONE OUT R OP AMP OUT R LOUDNESS R ENHANCE ST. 



TL/H/ 11028-1 
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Absolute Maximum Ratings (Notes i and 2) 




If Military /Aerospace specified devices are required, Storage Temperature 


-65°Gto + 1 50°C 

please 

contact the National Semiconductor Sales l_ ea H Temoerature 




Office/Distributors for availability and specifications. N Package, (Soldering, 10 Seconds) 

+ 260°C 

Supply Voltage (V+ - GND) 

1 5V V Package, (Vapor Phase, 60 Seconds) 

215°C 

Voltage at any Pin GND- 

0.2V to V+ 4- 0.2V Infrared, (15 Seconds) 


w .- 1 . • •’ 

220°C 

Input Current at any Pin (Note 3) 

5 m A ESD Susceptability (Note 5) 

, ■■ ■; ■ 

2 kV 

Package Input Current (Note 3) 

Power Dissipation (Note 4) 

50°^ Operating Ratings (Notes 1 and 2) 


Junction Temperature 

. T emperature Range 

+ U LMC1982CIN, LMC1982CIV 

•MIN ^ T A ^ TmaX 
-40°C ^ T a ^ +85°C 



Supply Voltage Range (V+ - V~) 


6 V to 1 2 V 

Electrical Characteristics The following specifications apply for V+ = 

9V, f, N = 

1 kHz, input signal 

(300 mV) applied to INPUT 1, volume = 

0 dB, bass = 0 dB, treble = 0 dB, enhanced stereo is off, and loudness is off unless 

otherwise specified. All limits apply for Ta = tj = + 25°C. 


1 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limit 
(Note 7) 

Unit 

(Limit) 

•s 

Supply Current 


15 

25 

mA (max) 


Input Voltage 

Clipping Level (1 ,.0% THD), 

Select Out (Pins 6, 23) 


2.0 

Vrms (min) 

THD 

Total Harmonic Distortion 

Left and Right channels; 

Output Pins 13, 16 

V|N = 0.3 V rms ; 
f| N = 100 Hz, 1 kHz, 10 kHz 

0.008 

0.1 

% (max) 



V|n — 2.0 V rms ; 
f IN = 100 Hz, 1 kHz 

0.4 

10 

% (max) 



V|N = 2.0 V rms ; 
f IN = 10 kHz 

0.5 

1.0 

% (max) 



V|n = 0.5 V rms ; Bass and Treble 

Tone Controls Set at Maximum 

Vin = 0.3 V rms ; Volume 

0.07 

0.5 

% (max) 



Attenuator at -20 dB, Bass and Treble 

Tone Controls Set at Maximum 

0.06 

0.15 

% (max) 


DC Shifts 

Vin = 0.3 V rms ; Between Any 

Two Adjacent Control Settings 

2.0 

4.0 

mV (max) 



V|n — 0.3 V rms ; 

All Mode and Input Positions 

18 

20 

mV (max) 

Rout 

AC Output Impedance 

Pins 6, 23, (470ft to Ground at Input) 

: - ; ■: ‘ 

200 

fi (max) 



Pins 13, 16 


40 

ft (max) 

Rin 

AC Input Impedance 

Pins 4, 5, 24, 25 

MOB 


kft (max) 




■ ■ 


kft(min) 


Volume Attenuator Range 

Pins 13, 16; Volume 

0.5 

1.5 

dB (max) 



Attenuation at 010001 0XXX000000 (0 dB) 



01 0001 0XXX1 01 XXX (80 dB); 

80 

78 

dB (min) 



(Relative to Attenuation at 
the 0 dB Setting) 


82 

dB (max) 


Volume Step Size 

All Volume Attenuation Settings 
from 010001 0XXX1 01 XXX (80 dB) to 

2.0 

1.5 

dB (min) 



0100010XXX000000 (0 dB) (Note 9) 

■ : 

2.5 

dB (min) 


Channel-to-Channei Volume 

All: Volume Attenuation Settings 





Tracking Error , 

from 0100010XXX101XXX (80 dB) 

±0.1 

±1.5 

dB (min) 



to 010001 0XXX000000 (0 dB) 





Mute Attenuation 

< 

z 

II 

b 

f 

105 

86 

dB (max) 
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Electrical Ch3r3Ct6riStiCS The following specifications apply for V+ = 9V,f|N - 1 kHz, input signal (300 mV) 
applied to INPUT 1, volume = 0 dB, bass = 0 dB, treble = 0 dB, enhanced stereo is off, and loudness is off unless otherwise 
specified. All limits apply for Ta = Tj = +25°C. (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limit 
(Note 7) 

Unit 

(Limit) 


Bass Gain Range 

fiN = 100 Hz, Pins 13, 16 

±12 

±10.0 

dB (min) 





±14.0 

dB (max) 


Bass Tracking Error 

f| N = 100 Hz, Pins 13, 16 

±0.1 

±1.5 

dB (max) 


Bass Step Size 


2.0 










Treble Gain Range 

f| N = 10 kHz, Pins 13, 16 

±12 

±10.0 

dB (min) 





±14,0 

dB (max) 


Treble Tracking Error 

flN = 10 kHz, Pins 13, 16 

±0.1 

±1.5 

dB (max) 


Treble Step Size 

flN = 10 kHz, Pins 13, 16 

2.0 

1.5 

dB (min) 



(Relative to Previous Level) 


2.5 

dB (max) 


Enhanced Stereo Cross Coupling 

(Note 10) 

-4.4 

-2.5 

dB (min) 





-6.9 

dB (max) 


Frequency Response 

V| N Applied to Input 1 and Input 2; 

f IN = 20 Hz - 20 kHz 

(Relative to Signal Amplitude at 1 kHz) 

±0.1 

±1.0 

dB (max) 


Loudness 

Volume Attenuator = 40 dB, Loudness 
on (See Figure 5 ) 

Gain at 100 Hz (Referenced 

11.5 

13.5 

dB (max) 



to Gain at 1 kHz) 


9.5 

dB (min) 



Gain at 10 kHz (Referenced 

6.5 

8.5 

dB (max) 



to Gain at 1 kHz) 


4.5 

dB (min) 


Signal-to-Noise Ratio 

Vin = 1.0 Vm* A Weighted, 

Measured at 1 kHz, Rs = 470H 

95 

90 

dB (min) 


Channel Balance 

All Volume Settings 

0.2 

1.0 

dB (max) 


Channel Separation 

Input Pins 4, 25: Output Pins 13, 16; 

V| N = 1-0V rms (Notes) 

80 

60 



Input-Input Isolation 

470fl to AC Ground on Unused Input 

95 

60 

dB (min) 

PSSR 

Power Supply Rejection Ratio 

V+ = 9 V DC ; 200 mV rrns , 100 Hz 
Sinewave Applied to Pin 26 

32 

28 



Clock Frequency 


5.0 

1.0 


V|N(1) 

Logic “1 ” Input Voltage 

Pins 1,27, 28 (IM Bus) 


2.0 

V (min) 


Pins 2, 3 


5.5 

V (min) 


Logic “0” Input Voltage 

Pins 1,27, 28 (IM Bus) 

0.4 

0.8 

V (max) 


Pins 2, 3 

1.2 

3.5 

V (max) 

VOUT(I) 

Logic “1 ” Output Voltage 

Pin 28 (IM Bus) 


2.0 

V (min) 

VqUT(0) 

Logic “0” Output Voltage 

Pin 28 (IM Bus) 

0.4 

0.8 

V (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the deivce may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee, specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are specified with respect to ground. 

Note 3: When the input voltage (Vin) at any pin exceeds the power supply voltages (Vim < V“ or Vin > V+) the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply voltages with 5 mA current limit to four. 
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjm AX , 0j A , and the ambient temperature T A . The maximum 
allowable power dissipation is Pq = (Tjmax - T a )/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For the LMC1982CIN, Tjmax = 
+ 125°C, and the typical junction-to-ambient thermal resistance, when board mounted, is 67°C/W. 

Note 5: Human body model; 100 pF discharged through a 1.5 kft resistor. 

Note 6: Typicals are at Tj = + 25°C and represent the most likely parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The Input-Input Isolation is tested by driving one input and measuring the output when the undriven input are selected. 

Note 9: The Volume Step Size is defined as the change in attenuation between any two adjacent volume attenuation settings. The nominal Volume Step Size is 
2 dB. 

Note 10: Enhanced Stereo Cross Coupling is a measure of the ratio between the undriven right channel output signal and the driven left channel output signal. It is 
measured by driving the left inputs with a 300 rnV rms signal while the right inputs are grounded. 
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Typical Performance Characteristics 


Supply Current 



4 6 8 10 

SUPPLY VQLTAGE (V) 

THDvs 

Load Impedance 



AC LOAD IMPEDANCE (kfl) 

THDvsVim 

(Vout Constant) 


T A = 2 

V + = 
Input 
Outpu 

5°C 

9V 

Pins: 4 
t Pins : 

25 

13,16" 

— r “ V 0U 

j • 30 mV ( 


1 1 
V OUT =100mV rml 


0.0 0.5 1.0 1.5 2.0’ 2.5 

INPUT VOLTAGE (V rfns ) 

Tone Control Response 
, with Equal Bass and 
Treble Control Settings 



100 Ik 10k 
FREQUENCY (Hz) 


Output Voltage 
vs Supply Voltage 



2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 

CCIR Output Noise 
vs Volume Setting 



0 20 40 60 

VOLUME ATTENUATION (dB) 

THD vs Frequency 


0.07 

0.06 

0.05 

t a = 25 

- V + = 9V 
Input Pi 
Output 
-Tone FI 

>c 



ns: 4,25 
Pins: 13, 
at 



16 


• 



0.03 


V| N 

= 1Vrm, 

l— 

0.02 



/ 


0.01 

0.00 




S' 

=5= 

===, ^< 


1=0^ 


100 Ik 10k 
FREQUENCY (Hz) 


Loudness Response 
vs Frequency 



100 Ik 10k 
FREQUENCY (Hz) 


THDvs 

Load Impedance 



AC LOAD IMPEDANCE, (kft) 

Channel Separation 
vs Frequency 


-70 


T f ;« 




V| N '=300mV 

/ 

-85 

-90 

\ Output: Pins 13,16/ 





/ 

v 


// 


-100 

V.. 






V' 



-105 

-110 

-Right Output — (Left channel driven)- 
Left Output*—— (Right channel driven) 


100 Ik 10k 100k 

FREQUENCY (Hz) 


Mute Gain 



FREQUENCY (Hz) 

Select Input Impedance 
vs Frequency 



FREQUENCY (Hz) 


TL/H/1 1028-3 
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Connection Diagram 


CLOCK - 
DIGITAL INPUT 1- 
DIGITAL INPUT 2- 
LEFT INPUT 1- 
LEFT INPUT 2- 
LEFT SELECT OUTPUT ■ 
LEFT SELECT INPUT - 
LEFT TONE INPUT - 
LEFT TONE OUTPUT ■ 
LEFT OP AMP OUTPUT - 
LEFT LOUDNESS - 
LEFT ENHANCED STEREO - 
LEFT OUTPUT - 
BYPASS ■ 


1 

T37 

28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

LMC1982 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


25 —RIGHT INPUT 1 
24 —RIGHT INPUT 2 
23 —RIGHT SELECT OUTPUT 
22 —RIGHT SELECT INPUT 
21 —RIGHT TONE INPUT 
20 —RIGHT TONE OUTPUT 
19 —RIGHT OP AMP OUTPUT 
18 —RIGHT LOUDNESS 
17 —RIGHT ENHANCED STEREO 
16 —RIGHT OUTPUT 
15 —GROUND 


DIGITAL INPUT 1 ■ 
DIGITAL INPUT 2 ■ 
LEFT INPUT 1 - 
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18 - RIGHT LOUDNESS 

17 - RIGHT ENHANCED STEREO 

16 - RIGHT OUTPUT 

15 — GROUND 

14 - BYPASS 

13 - LEFT OUTPUT 

12 - LEFT ENHANCED STEREO 


Top View 

Order Number LMC1982CIN 
See NS Package Number N28B 


Pin Description 

CLK (1) The INTERMETAL (IM) Bus clock is ap- 

plied to the CLOCK pin. This input accepts 
a TTL or CMOS level signal. The input is 
used to clock the DATA signal. A data bit 
must be valid on the rising clock edge. 
DIGITAL INPUT Internally tied high to V+ through a 30 ka 
1 & 2 (2, 3) pull-up resistor, these inputs allow a periph- 
eral device to place any single-bit, active 
low digital information onto the IM Bus. It is 
then sent out to the controlling device 
through the DATA pin. Examples of such 
information could include indication of the 
presence of a Second Audio Program 
(SAP) or an FM stereo carrier. 

INPUTS 1 & 2 These are the LMC1982’s two stereo input 
(4, 25; 5, 24) pairs. 

SELECT OUT The selected INPUT signal is available at 
(6, 23) this output. This feature allows external sig- 

nal processors such as noise reduction or 
graphic equalizers to be used. This output 
can typically sink 1 mA. These pins should 
be capacitively coupled to pins 7 and 22, 
respectively, if no external processor is 
used. 

SELECT IN These are the inputs that an external signal 

(7, 22) processor uses to return a signal to the 

LMC1982. These pins should be capaci- 
tively coupled to pins 6 and 23, respective- 
ly, if no external processor is used. 

TONE IN These are the inputs to the tone control 
(8, 21) amplifier. See the Application Information 

section titled “Tone Control Response”. 


SELECT IN 
(7, 22) 


TONE IN 
( 8 , 21 ) 


Top View 

Order Number LMC1982CIV 
See NS Package Number V28A 


TONE OUT Tone control amplifier output. See the Ap- 
(9, 20) plication Information section titled “Tone 

Control Response”. 

OP AMP These outputs are used with external tone 

OUT (10, 19) control capacitors. Internally, this output is 

applied to the volume attenuators. 
LOUDNESS The output signal on these pins is a voltage 
(11, 18) taken from the volume attenuator’s 

—40 dB tap point. An external R-C net- 
work is connected to these pins. 
ENHANCED An external R-C network is connected 
STEREO across these pins. This provides left-right 
(12, 17) channel cross-coupling and cancellation to 

create an enhanced stereo channel sepa- 
ration effect. 

MAIN The output signal from these pins drives a 

OUTPUT stereo power amplifier. The output can typi- 

(13,16) cally sink 1 mA. 

BYPASS (14) A 10 jutF capacitor is connected between 
this pin and ground to provide an AC 
ground for the internal half-supply voltage 
reference. 

GROUND (15) This pin is connected to analog ground. 

V+ (26) This is the power supply connection. The 

LMC1982 is operational with supply volt- 
ages from 6V to 12V. This pin should be 
bypassed to ground through a 1.0 ju,F ca- 
pacitor. 
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DATA (28) This is the serial data input for communica- 
tions sent by d controller. The controller must 
have open drain outputs used with external 
pull-up resistors. The data rate has a maxi- 
mum' frequency of 1 MHz. The LMC1982 re- 
quires 16 bits of data to control or change a 
function: the first 8 bits select the LMC1982 
and one of eight functions. The final eight bits 
set the function to a desired value. The data 
must be valid on the rising edge of the CLOCK 
input signal. 


TABLE I. IM Bus Programming Codes for LMC1982 


Address 

Function 

Data 

Function 

(A7-A0) 

Selected 

01000000 

Input Select + Mute 

xxxxxxoo 

INPUT1 



XXXXXX01 

INPUT2 



XXXXXX10 

N/A 



XXXXXX1 1 

MUTE 

01000001 

Loudness, Enhanced Stereo 

xxxxxxoo 

Loudness OFF 




Enhanced Stereo OFF 



XXXXXX01 

Loudness ON 




Enhanced Stereo OFF 


t',1 

XXXXXX10 

Loudness OFF 




Enhanced Stereo ON 



XXXXXX1 1 

Loudness ON 




Enhanced Stereo ON 

01000010 

Bass 

xxxxoooo 

-12 dB 



XXXX0011 

—6 dB 



XXXX0110 

FLAT 



XXXX1001 

+ 6 dB 



XXXX11XX 

+ 12 dB 

01000011 

Treble 

. xxxxoooo 

-12 dB 



XXXX0011 

—6 dB 



XXXX0110 

FLAT 



XXXX1001 

+ 6dB 

■ , Si 


XXXX11XX 

+ 12 dB 

01000100 

Left Volume 

xxoooooo 

0 dB 



XX010100 

-40 dB 



XXI 01 XXX 

-80 dB 



XX11XXXX 

-80 dB 

01000101 

Right Volume 

xxoooooo 

0 dB 



XX010100 

— 40 dB 



XXI 01 XXX 

-80 dB 



XX11XXXX 

— 80 dB 

01000110 

Mode Select 

XXXXX1 00 

Left; Mono 



XXXXX101 

Stereo 



XXXXX11X 

Right Mono 

01000111 

Read Digital Input 1 

XXXXXXD1 DO 

DO = Digital Input 1 


or 


D1 == Digital Input 2 


Digital Input 2 

‘ ) 



on IM Bus 




Pin Description (Continued) 

ID (27) This is the IDENTITY digital input that, when 
low, signals the LMC1982 to receive, from a 
controlling device, a device address (40h- 
47h), present on the DATA line. 
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General Information 

The LMC1982 is a CMOS/bipolar building block intended 
for high fidelity audio signal processing. It is designed for 
line level inputs signals (300 mV - 2 V) and has a maximum 
gain of -0.5 dB. While the LMC1982 is manufactured with 
CMOS processing, NPN transistors are used to build low 
noise op amps. The combination of CMOS switches, bipolar 
op amps, and poly-silicon resistors make it possible to 
achieve an order of magnitude quality improvement over 
other bipolar circuits that use analog multipliers to accom- 
plish gain adjustment. Internal circuits set the volume to 
minimum, tone controls to flat, the mute to on, and all other 
functions off when power is first applied. Individual left and 
right volume controls are software programmed to achieve 


the stereo balance function. Figure 1 shows the connection 
diagram of a typical LMC1 982 application. 

The LMC1982 has internal decoding logic that allows a mi- 
croprocessor (ju,P) or microcontroller (jaC) to communicate 
directly to the audio control circuitry through an INTERMET- 
AL (IM) Bus interface. This three-wire interface consists of a 
bi-directional DATA line, a Clock (CLK) input line, and an 
Identity (ID) line. Address and function selection data 
(8 bits) are serially shifted from the controller to the 
LMC1 982. This is followed by 8 bits of function value data. 
Data present in the internal shift register is latched and the 
instruction is executed. 


DIGITAL DIGITAL 

INPUT 2 INPUT 1 CLK DATA ID 


T 

1.5 kfl > 



RIGHT INPUT 2 
RIGHT INPUT 2 


FIGURE 1. Typical Application 
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Application Information 

INPUT SELECTOR 

The LMC1 982’s input selector and mode control are shown 
in Figure 2. The input selector selects one of two stereo 
signal sources or a mute function with typical attenuation of 
1 00 dB. The selected signals are then sent to a mode con- 
trol matrix. As shown in Table I, the matrix provides normal 
stereo or can direct either channel to both LEFT or RIGHT 
SELECT OUTPUTS. The third matrix mode is normal stereo. 
The control matrix output is buffered and appears on each 
channel’s respective SELECT OUT pin (6, 23). Switching 
noise is kept to a minimum when mute is selected by using a 
50 kft bias resistor. 

Noise performance is optimized through the use of emitter 
followers in the mode control matrix’s output. Internal 50 kft 
resistors are connected to each input selector pin to provide 
the proper bias point for the emitter follower buffers. Each 
internal 50 kft bias resistor is connected to a common half- 
supply (V+/2) source. This produces a voltage at pins 6 
and 23 (SELECT OUT) that is 1.4V below V+/2 (typically 
3.1V with V+ = 9V). Since a DC voltage is present at the 
input pins (4, 5, 24, and 25), input signal should be AC cou- 
pled through a 1 ju,F capacitor. 

The output signal at pins 6 and 23 can be used to drive 
exteral audio processing circuits such as noise reduction 
(LM1894-DNR or Dolby) or graphic equalizers (LMC835). It 
is important that if any noise reduction is used it be placed 
ahead of any tone controls or equalizers in the external cir- 
cuit path to preserve the frequency spectrum of the select- 
ed input signal. Otherwise, any frequency equalization could 
prevent the proper operation of the noise reduction circuit. If 
no external processor is used, a capacitor should be used to 


couple the SELECT OUT signals directly to pins 7 and 22, 
respetively. 

MINIMUM LOAD IMPEDANCE 

The LMC1 982 employs emitter-followers to buffer the se- 
lected stereo channels. The buffered signals are available 
at pins 6 and 23 (SELECT OUT). The SELECT OUT buffers 
operate with a typical bias current 1 mA. 

The Electrical Specifications table lists a maximum input sig- 
nal of 2.0 V rms (2.5 Vpeak) for 1 % THD at the SELECT OUT 
pins. This distortion level is achieved when the minimum AC 
load impedance seen by the SELECT OUT pins is 2.5 kft 
(2.5V/ 1 mA). Using lower load impedances results in clip- 
ping at lower output levels. If the load impedance is DC-cou- 
pled, an increased quiescent current can flow. Latch-up may 
occur if the total emitter current exceeds 5 mA. Thus, maxi- 
mum output voltage can be increased and much lower dis- 
tortion levels can be achieved using load impedances of at 
least 25 kft. 

INPUT IMPEDANCE 

The input impedance of pins 4, 5, 24 and 25 is defined by 
internal bias resistors and is typically 50 kft. 

The SELECT IN pins have an input impedance that varies 
with the BASE and TREBLE control settings. The input im- 
pedance is 100 kft at DC and 19 kft at 1 kHz when the 
controls are set at 0 dB. Minimum input impedance of 
30.4 kft at DC and 1 6 kft at 1 kHz occurs when maximum 
boost is selected. At 10 kHz the minimum input impedance, 
with the tone controls flat, is 6.8 kft and, with the tone con- 
trols at maximum boost, is 2.5 kft. 



RIGHT SELECT OUT 


LEFT SELECT OUT 


FIGURE 2. Input and Mode Select Circuitry 


TL/H/1 1028-6 
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Application Information (Continued) 

EXTERNAL SIGNAL PROCESSING 

The SELECT OUT pins (6 and 23) enable greater system 
design flexibility by providing a means to implement an ex- 
ternal processing loop. This loop can be used for noise re- 
duction circuits such as DNR (LM1894) or multi-band graph- 
ic equalizers (LMC835). If both are used, it is important to 
ensure that the noise reduction circuitry precede the equali- 
zation circuits. Failure to do so results in improper operation 
of the noise reduction circuits. The system shown in Figure 
3 utilizes the external loop to include DNR and a multi-band 
equalizer. 

TONE CONTROL RESPONSE 

Bass and treble tone controls are included in the LMC1 982. 
The tone controls used just two external capacitors for each 
stereo channel. Each has a corner frequency determined by 
the value of C2 and C3 (see Figure 4 ) and internal resistors 
in the feedback loop of the internal tone amplifier. The maxi- 
mum-boost or cut is determined by the data sent to the 
LMC1982 (see Table I). 

The typical tone control response shown in Typical Perform- 
ance Curves were generated with C2 = C3 = 0.0082 ju,F 
and show the response for each step. When modifying the 
tone control response it is important to note that the ratio of 
C3 and C2 sets the mid-frequency gain. Symmetrical tone 


response is achieved when C2 = C3. However, with 
C2 = 2(C3) and the tone controls set to “flat”, the frequen- 
cy response will be flat at 20 Hz and 20 kHz, and + 6 dB at 
1 kHz. 

The frequency where a tone control begins to deviate from 
a flat response is referred to as the turn-over frequency. 
With C = C2 = C3, the LMC1982’s treble turn-over fre- 
quency is nominally 

fjT 27rC(14kft) 

The bass turn-over frequency is nominally 

, BT = i 

Bl 2 ttC( 30.4 ka^ 

when maximum boost is chosen. The inflection points (the 
frequencies where the boost or cut is within 3 dB of the final 
value) are for treble and bass 

fTI ~ 25rC(1 .9 kO) 

la- 1 

2irC(169.6kn) 


Bass & Treble 
Tone Control 


Output Buffer & 
Enhanced 
Stereo 



0UT ,I 


n 


I DATA I CLK ID 


juProcessor/ 

Controller 


FIGURE 3. System Block Diagram Utilizing the External Processing Loop (One Channel Shown) 
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Application Information (Continued) 


C2 C3 

0.0082 fit 0.0082 /iF 



V + /2 


TL/H/1 1028-8 

FIGURE 4. The Tone Control Amplifier 

Increasing the values of C2 and C3 decreases the turnover 
and inflection frequencies: i.e., the Tone Control Response 
Curves shown in Typical Performance Curves will shift left 
when C2 and C3 are increased and shift right when C2 and 
C3 are decreased. With C2 = C3 = 0.0082 juF, 2 dB steps 
are achieved at 100 Hz and 10 kHz. Changing C2 and C3 to 
0.01 julF shifts the 2 dB per step frequency to 72 Hz and 
8.3 kHz. If the tone control capacitors size is decreased 
these frequencies will increase. With C2 = C3 = 0.0068 juF 
the 2 dB steps take place at 130 Hz and 11.2 kHz. 

LOUDNESS 

The human ear has less sensitivity to high and low frequen- 
cies relative to its sensitivity to mid-range frequencies be- 
tween 2 kHz and 6 kHz for any given acoustic level. The low 
and high frequency sensitivity decreases faster than the 
sensitivity to the mid-range frequencies as the acoustic level 
drops. The LMC1982’s loudness function can be used to 
help compensate for the decreased sensitivity by boosting 
the gain at low and high frequencies as the volume control 
attenuation increases (see the curve labeled “Gain vs Fre- 
quency with Loudness Active”). 


As shown in Table I, loudness and enhanced Stereo are 
controlled through the same address. It is important to re- 
member to set both functions to the correct value any time 
either of these functions is updated. 



TL/H/1 1028-9 

FIGURE 5. Loudness Control Circuit 
ENHANCED STEREO 

The LMC1982 has an enhanced , stereo effect that can be 
achieved by cross-coupling reverse phase information be- 
tween the left and right stereo channels. This feature can 
help improve the apparent stereo channel separation when, 
because of cabinet or equipment limitations, the left and 
right speakers are closer to each other than optimum. 
Enhanced stereo is created by connecting an external fre- 
quency shaping RC network between the OUTPUT opera- 
tional amplifiers’ inverting inputs through an internal CMOS 
switch (see Figure 6 ). The external network couples 60% of 
each channel’s output to the opposite channel’s inverting 
input. This cancels a portion of the signal common to both 
channels. 



0.047 /tF 
C6 

TL/H/1 1028-10 

FIGURE 6. Enhanced Stereo Circuit 


The LMC1982’s loudness function uses external compo- 
nents R1 , R2, C4 and C5, as shown in Figure 5 , to select the 
frequencies where bass and treble boost begin. The amount 
of boost is dependent on the volume attenuator’s setting. 
The loudness characteristic, with the volume attenuator set 
at 40 dB, has a transfer function of 

Vq (SC5R2 + 1)[sC4(R1 + 1 56k) + 1] 

V, (s2)C4C5R2(l63k) +:s[C4(156k) + C5(4.9R2 + 156k)] + 1 

The external components R1 and C4 can be eliminated and 
pin 10(19) left open if bass boost is the only desired loud- 
ness characteristic. 


The desired 60% cross-coupling is accomplished through 
the internal 6.5 kft feedback resistor and an external 10 k ft 
resistor. Bass frequency cancellation is prevented by using 
a 0.047 /aF coupling capacitor to couple only frequencies 
above 330 Hz. Switching noise Is eliminated by using a 
680 ka resistor across the 0.047 julF. R3, R4 and C6 can be 
eliminated if enhanced stereo is not desired. 

As shown in Table I, enhanced stereo and loudness are 
controlled through the same address. It is important to re- 
member to set both functions to the correct value any time 
either of these functions is updated. 
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Application Information (Continued) 

SERIAL DATA COMMUNICATION 

The LMC1982 uses the INTERMETAL serial bus (IM Bus) 
standard. Serial data information is sent to the LMC1982 
over a three wire IM Bus consisting of Clock (CLK), Data 
(DATA), and Identity (ID). The DATA line is bidirectional and 
the CLK and ID lines are unidirectional from the microproc- 
essor or micontroller to the LMC1982. The LMC1982’s bidi- 
rectional capability is accomplished by using an open drain 
output on the DATA line and an external 1 kn pull-up resis- 
tor. 

The LMC1982 responds to address values from 01000000 
(40h) through 010001 1 1 (47 H ). The addresses select one of 
the eight available functions (see Table I). The IM Bus’ lines 
have a logic high standby state when using TTL logic levels. 
As shown in Figure 7, data transmission is initiated by low 
levels on CLK and ID. Next, eight address bits are sent. This 
address information includes the code to select one of the 
LMC1 982’s desired functions. Each address bit is clocked in 
on the rising edge of CLK. The ID line is taken high after the 
eight bits of address data are received by the LMC1982. 
The controlling system continues toggling the CLK line eight 
more times. Data that determines the selected function’s 
operating point is written into, or single bit information on 
DIGITAL INPUT 1 or DIGITAL INPUT 2 is read from, the 
LMC1982. Finally, the end of transmission is signalled by 
pulsing the ID line low for a minimum of 1 juts. The transmit- 
ted function data is latched and the function changes to its 
new setting. 

Table I also details the serial data structure, range, and bit 
assignments that sets each function’s operating point. The 
volume and tone controls’ function control data binarily in- 
crements from zero to maximum as the function’s operating 
point changes from 80 dB attenuation to 0 dB attenuation 
(volume) or -12 dB to +12 dB (tone controls). Note that 


not all data bits are needed by each function. The extra bits 
shown as “X”s (“don’t cares”) are position holders and 
have no affect on a respective function. They are necessary 
to properly position the data in the LMC1982’s internal data 
shift register. Unexpected results may take place if these 
bits are not sent. 

The LMC1 982’s internal data shift register can handle either 
a 16-bit word or two 8-bit serial data transmissions. It is the 
final 8 bits of data received before the ID line goes high that 
are used as the LMC1 982 selection and function addresses. 
The final eight bits after the ID line returns high are used to 
change a function’s operating point. CLK must be stopped 
when the final 8 data bits are received. The data stored in 
the internal data latch remains unchanged until the ID is 
pulsed, signifying the end of data transmission. When ID is 
pulsed, the new data in the data shift register is latched into 
the data latch and the selected function takes on a new 
operating point. 

A complete description and more information concerning 
the IM Bus is given in the appendix of ITT’s CCU2000 data- 
sheet. 

DIGITAL I/O 

The LMC1 982’s two Digital Input pins, 2 and 3, provide sin- 
gle-bit communication between a peripheral device and the 
controller over the IM Bus. Each pin has an internal 30 k$l 
pull-up resistor. Therefore, these pins should be connected 
to open collector/drain outputs. The type of information that 
could be received on these lines and retrieved by a control- 
ler include FM stereo pilot indication, power on/off, Second- 
ary Audio Program (SAP), etc. 

According to Table I, the logic state of DIGITAL INPUT 1 
and DIGITAL INPUT 2 is latched and can be retrieved over 
the IM Bus using the read command (47h). The single-bit 
information sent on the IM Bus is active low sine© these 
lines are internally pulled high. 


4 


r 


250 ns 


1 


k 


T|oj 


250 ns 


6 /is 


1 /X s 


“TJTJTJTJTJTJIJTJT^^ 


DATA | A0 | A1 | A2 | A3 | A4 | A5 | A6 \ A7 | DO j D1 | D2 | D5 | D4 | D5 | D6 | D7 | 

TL/H/1 1028-11 

FIGURE 7. LMC1982’s INTERMETAL Serial Bus Timing 
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National Semiconductor 

LMC1983 

Digitally-Controlled Stereo Tone and Volume 
Circuit with Three Selectable Stereo Inputs 

General Description 

The LMC1983 is a monolithic integrated circuit that provides 
volume, balance, tone (bass and treble), loudness controls 
and selection between three pairs of stereo inputs. These 
functions are digitally controlled through a three-wire com- 
munication interface. There are two digital inputs for easy 
interface to other audio peripherals such as stereo decod- 
ers. The LMC1983 is designed for line level input signals 
(300 mV-2V) and has a maximum gain of -0.5 dB. Volume 
is set at minimum and tone controls are flat when supply 
voltage is first applied. 

Low noise and distortion result from using analog switches 
and poly-silicon resistor networks in the signal path. 

Additional tone control can be achieved using the LMC835 
stereo 7-band graphic equalizer connected to the 
LMC1983’s SELECT OUT/SELECT IN external processor 
loop. 

Features 

■ Low noise and distortion 

■ Three pairs of stereo inputs 


Block Diagram 


22 21 20 19 18 17 

R SELECT OUT R SELECT IN R TONE IN R TONE OUT R OP AMP OUT R LOUDNESS 



TL/H/1 1279-1 


■ Loudness compensation 

■ 40 position 2 dB/step volume attenuator plus mute 

■ Independent left and right volume controls 

■ Low noise-suitable for use with DNR® and Dolby® 
noise reduction 

■ External processor loop 

■ Signal handling suitable for compact discs 

■ Pop-free switching 

■ Serially programmable: INTERMETAL bus (IM) interface 

■ 6V to 12V single supply operation 

■ 28 Pin DIP or PLCC Package 

Applications 

■ Stereo television 

■ Music reproduction systems 

■ Sound reinforcement systems 

■ Electronic music (MIDI) 

■ Personal computer audio control 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - GND) 1 5V 

Voltage at any Pin GND - 0.2V to V + + 0.2V 

Input Current at any Pin (Note 3) 5 mA 

Package Input Current (Note 3) 20 mA 

Power Dissipation (Note 4) 500 mW 

Junction T emperature + 1 25°C 


Storage T emperature - 65°C to + 1 50°C 

Lead Temperature 

N Package, (Soldering, 1 0 Seconds) + 260°C 

V Package, (Vapor Phase, 60 Seconds) 21 5°C 

Infrared, (1 5 Seconds) 220°C 

ESD Susceptability (Note 5) 2 kV 

Operating Ratings (Notes 1 and 2) 

Temperature Range T M in ^ T A ^ Tmax 

LMC1983CIN, LMC1983CIV -40°C £ T A £ +85°C 
Supply Voltage Range (V+ - V - ) 6V to 12V 


Symbol 

Parameter 

Is 

Supply Current 

V| N 

Input Voltage 

THD 

Total Harmonic Distortion 


Electrical Characteristics The following specifications apply for V + 

(300 mV) applied to INPUT 1 , volume = 0 dB, bass = 0 dB, treble = 0 dB, and loudness 
limits apply for T A = Tj = +25°C. 


Parameter Conditions 


Clipping Level (1.0% THD), 

Select Out (Pins 7, 22) 

Left and Right channels; 

Output Pins 13, 16 
V|n == 0.3V rms ; 

f| N = 100 Hz, 1 kHz, 10 kHz 
V|n = 2.0 V rms ; 

f IN = 100 Hz, 1 kHz 
V|n == 2.0 V rms ; 
flN = 10 kHz 

Vin = 0.5 V rms ; Bass and Treble 
Tone Controls Set at Maximum 
V|n = 0.3 V rms ; Volume 
Attenuator at -20 dB, Bass and Treble 
Tone Controls Set at Maximum 

V|n = 0.3 V rms ; between Any 
Two Adjacent Control Settings 
V|N = 0.3 v rms ; 

All Mode and Input Positions 

Pins 7, 22, (470ft to Ground at Input) 

Pins 13, 16 


= 9V, f in = 1 kHz, input signal 
is off unless otherwise specified. All 


DC Shifts 


AC Output Impedance 


AC Input Impedance Pins 4, 5, 23, 24, 25 


Volume Attenuator Range 


Volume Step Size 


Channel-to-Channel 
Tracking Error 


Mute Attenuation 


Pins 13, 16; Volume 

Attenuation at 0100010XXX000000 (0 dB) 
010001 0XXX1 01 XXX (80 dB); 
(Relative to Attenuation at 
the 0 dB Setting) 

All Volume Attenuation Settings 
from 0100010XXX101XXX (80 dB) to 
0100010XXX000000 (0 dB) (Note 9) 

All Volume Attenuation Settings 
from 01 0001 0XXX1 00110 (76 dB) to 
0100010XXX000000 (0 dB) 
from 0100010XXX101XXX (80 dB) to 
0100010XXX100111 (78 dB) 


Typical 

Limit 

Unit 

(Note 6) 

(Note 7) 

(Limit) 

15 

25 

mA (max) 

2.3 

2.0 

Vrms (min) 


% (max) 

mV (max) 

mV (max) 

ft (max) 
ft (max) 



±1.5 dB (min) 

±2.0 dB(min) 

86 dB (max) 
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Electrical Characteristics The following specifications apply for V+ — 9V, fjN = 1 kHz, input signal (300 mV) 
applied to INPUT 1, volume = 0 dB, bass = 0 dB, treble = 0 dB, and loudness is off unless otherwise specified. AH limits apply 


for T a = 

Tj = + 25°C. (Continued) 





Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limit 
(Note 7} 

Unit 

(Limit) 


Bass Gain Range 

f| N = 100 Hz, Pins 13, 16 

±12 

±10.0 

dB (min) 





±14.0 

dB (max) 


Bass Tracking Error 

f| N = 100 Hz, Pins 13, 16 

±0.1 

±1.5 

dB (max) 


Bass Step Size 

f|N = 100 Hz, Pins 13, 16 

2.0 

1.5 

dB (min) 



(Relative to Previous Level) 


2.5 

dB (max) 


Treble Gain Range 

f| N = 10 kHz, Pins 13, 16 

±12 

±10.0 

dB (min) 





±14.0 

dB (max) 


Treble Tracking Error 

flN = 10 kHz, Pins 13, 16 

±0.1 

±1.5 

dB (max) 


Treble Step Size 

f| N = 10 kHz, Pins 13, 16 

2.0 

1.5 

dB(min) 



(Relative to Previous Level) 


2.5 

dB (max) 


Frequency Response 

Vin Applied to Input 1 and Input 2; 

f| N = 20 Hz - 20 kHz 

(Relative to Signal Amplitude at 1 kHz) 

±0.1 

±1.0 

dB (max) 


Loudness 

Volume Attenuator = 40 dB, Loudness 
on (See Figure 5) 

Gain at 1 00 Hz (Referenced 

11.5 

13.5 

dB (max) 



to Gain at 1 kHz) 


9.5 

dB (min) 



Gain at 10 kHz (Referenced 

6.5 

8.5 

dB (max) 



to Gain at 1 kHz) 


4.5 

dB (min) 


Signal-to-Noise Ratio 

V||sj = 1 .0 V rms , A Weighted, 

Measured at 1 kHz, Rs = 470ft 

95 

90 

dB (min) 


Channel Balance 

All Volume Settings 

0.2 

1.0 

dB (max) 


Channel Separation 

Input Pins 4, 25: Output Pins 1 3, 1 6; 

V| N = 1.0 Vrms (Note 8) 

80 

60 

dB (min) 


Input-Input Isolation 

470ft to AC Ground on Unused Input 

95 

60 

dB (min) 

PSSR 

Power Supply Rejection Ratio 

V+ = 9 V D c; 200 mV rms , 100 Hz 
Sinewave Applied to Pin 26 

32 

28 

dB (min) 

fCLK 

Clock Frequency 


5.0 

1.0 

MHz (max) 

V IN(1) 

Logic “1 ” Input Voltage 

Pins 1,27, 28 (IM Bus) 

1.3 

2.0 

V (min) 


Pins 2, 3 

2.9 

5.5 

V (min) 

V|N(0) 

Logic “0” Input Voltage 

Pins 1,27, 28 (IM Bus) 



V (max) 


Pins 2, 3 



V (max) 

VOUT(I) 

Logic “1 ” Output Voltage 

Pin 28 (IM Bus) 


2.0 

V (min) 

VOUT(O) 

Logic “0” Output Voltage 

Pin 28 (IM Bus) 

0.4 

0.8 

V (max) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the deivce may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are specified with respect to ground. 

Note 3: When the input voltage (Vin) at any pin exceeds the power supply voltages (Vin < V - or Vin > V+) the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply voltages with 5 mA current limit to four. 
Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 0ja> and the ambient temperature Ta- The maximum 
allowable power dissipation is Pq = (Tjmax ~ t a) /0 ja or the number given in the Absolute Maximum Ratings, whichever is lower. For the LMC1983CIN, Tjmax = 
+ 125°C, and the typical junction-to-ambient thermal resistance, when board mounted, is 67°C/W. 

Note 5: Human body model; 100 pF discharged through a 1.5 kft resistor. 

Note 6: Typicals are at Tj = + 25°C and represent the most likely parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The Input-Input Isolation is tested by driving one input and measuring the output when the undriven input are selected. 

Note 9: The Volume Step Size is defined as the change in attenuation between any two adjacent volume attenuation settings. The nominal Volume Step Size is 
2 dB. 


1-248 





























































Typical Performance Characteristics 
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Connection Diagram 


CLOCK- 

1 


28 

-DATA 

DIGITAL INPUT 1 - 

2 


27 

-ID 

DIGITAL INPUT 2- 

3 


26 

— V + 

LEFT INPUT 1 - 

4 


25 

-RIGHT INPUT 1 

LEFT INPUT 2- 

5 


24 

-RIGHT INPUT 2 

LEFT INPUT 3- 

6 


23 

-RIGHT INPUT 3 

LEFT SELECT OUTPUT- 

7 

LMC1983 

22 

-RIGHT SELECT OUTPUT 

LEFT SELECT INPUT - 

8 

21 

— RIGHT SELECT INPUT 

LEFT TONE INPUT- 

9 


20 

-RIGHT TONE INPUT 

LEFT TONE OUTPUT - 

10 


19 

-RIGHT TONE OUTPUT 

LEFT OP AMP OUTPUT *- 

11 


18 

-RIGHT OP AMP OUTPUT 

LEFT LOUDNESS - 

12 


17 

-RIGHT LOUDNESS 

LEFT MAIN OUTPUT - 

13 


16 

— RIGHT MAIN OUTPUT 

BYPASS- 

14 


15 

-GROUND 


TL/H/1 1279-2 

Top View 

Order Number LMC1983CIN 
See NS Package Number N28B 
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Top View 

Order Number LMC1983CIV 
See NS Package Number V28A 


Pin Description 

CLK (1 ) The INTERMETAL (IM) Bus clock Is ap- 

plied to the CLOCK pin. This input ac- 
cepts a TTL or CMOS level signal. The 
input is used to clock the DATA signal. A 
data bit must be valid on the rising clock 
edge. 

DIGITAL INPUT Internally tied high to V+ through a 

1 & 2 (2, 3) 30 kil pull-up resistor, these inputs allow 

a peripheral device to place any single- 
bit, active low digital information onto the 
IM Bus. It is then sent out to the control- 
ling device through the DATA pin. Exam- 
ples of such information could include in- 
dication of the presence of a Second Au- 
dio Program (SAP) or an FM stereo carri- 


INPUTS 1, 2 & 3 
(4, 25; 5, 24; 

6, 23) 

SELECT OUT 
(7, 22) 


SELECT IN 

(8, 21) 


These are the LMC1983’s three stereo 
input pairs. 

The selected INPUT signal is available 
at this output. This feature allows exter- 
nal signal processors such as noise re- 
duction or graphic equalizers to be used. 
This Output can typically sink t mA. 
These pins should be capacitively cou- 
pled to pins 8 and 21 , respectively, if no 
external processor is used. 

These are the inputs that an external sig- 
nal processor uses to return a signal to 
the LMC1983. These pins should be ca- 
pacitively coupled to pins 7 and 22, re- 
spectively, if no external processor is 
used. 


TONE IN 
(9, 20) 


TONE OUT 
( 10 , 19 ) 

OP AMP 
OUT (11, 18) 


LOUDNESS 
(12, 17) 


MAIN 
OUTPUT 
(13, 16) 
BYPASS (14) 


GROUND (15) 
V+ (26) 


ID (27) 


These are the inputs to the tone control 
amplifier. See the Application Informa- 
tion section titled “Tone Control Re- 
sponse”. 

Tone control amplifier output. See the 
Application Information section titled 
“Tone Control Response”. 

These outputs are used with external 
tone control capacitors. Internally, this 
output is applied to the volume attenua- 
tors. 

The output signal on these pins is a volt- 
age taken from the volume attenuator’s 
-40 dB tap point. An external R-C net- 
work is connected to these pins. 

The output signal from these pins drives 
a stereo power amplifier. The output can 
typically sink 1 mA: 

A 10 juF capacitor is connected between 
this pin and ground to provide an AC 
ground for the internal half-supply volt- 
age reference. 

This pin is connected to analog ground. 
This is the power supply connection. The 
LMC1983 is operational with supply volt- 
ages from 6V to 1 2V. This pin should be 
bypassed to ground through a 1 .0 ju.F ca- 
pacitor. 

This is the IDENTITY digital input that, 
when low, signals the LMC1 983 to re- 
ceive, from a controlling device, a device 
address (40h-47h), present on the 
DATA line. 
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Pin Description (Continued) 

DATA (28) This is the serial data input for communications 
sent by a controller. The controller must have 
open drain outputs used with external pull-up 
resistors. The data rate has a maximum fre- 
quency of 1 MHz. The LMC1983 requires 16 
bits of data to control or change a function: the 
first 8 bits select the LMC1983 and one of eight 
functions. The final eight bits set the function to 
a desired value. The data must be valid on the 
rising edge of the CLOCK input signal. 

General Information 

The LMC1983 is a CMOS/bipolar building block intended 
for high fidelity audio signal processing. It is designed for 
line level inputs signals (300 mV - 2V) and has a maximum 
gain of -0.5 dB. While the LMC1983 is manufactured with 
CMOS processing, NPN transistors are used to build low 
noise op amps. The combination of CMOS switches, bipolar 


op amps, and poly-silicon resistors make it possible to 
achieve an order of magnitude quality improvement over 
other bipolar circuits that use analog multipliers to accom- 
plish gain adjustment. Internal circuits set the volume to 
minimum, tone controls to flat, the mute to on, and all other 
functions off when power is first applied. Individual left and 
right volume controls are software programmed to achieve 
the stereo balance function. Figure 1 shows the connection 
diagram of a typical LMC1983 application. 

The LMC1983 has internal decoding logic that allows a 
microprocessor (jaP) or microcontroller (jaC) to communi- 
cate directly to the audio control circuitry through an 
INTERMETAL (IM) Bus interface. This three-wire interface 
consists of a bi-directional DATA line, a Clock (CLK) input 
line, and an Identity (ID) line. Address and function selection 
data (8 bits) are serially shifted from the controller to the 
LMC1983. This is followed by 8 bits of function value data. 
Data present in the internal shift register is latched and the 
instruction is executed. 


0.0082 n?z 


DIGITAL DIGITAL 
INPUT 2 INPUT 1 


LMC1983 




240 pF =. 56 kA 


56 kA “ 240 pF 


FIGURE 1. Typical Application 
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Application Information 

INPUT SELECTOR 

The, LMC1983’s input selector and mode control are shown 
in Figure 2. The input selector selects one of three stereo 
signal sources or a mute function with typical attenuation of 
lOOidB. The selected signals are then sent to a mode con- 
trol matrix. As shown in Table I, the matrix provides normal 
stereo or can direct any given channel to both LEFT or 
RIGHT SELECT OUTPUTS. The third matrix mode is normal 
stereo. The control matrix output is buffered and appears on 
each channel’s respective SELECT OUT pin (7, 22). Switch- 
ing noise is kept to a minimum when mute is selected by 
using a 50 kn bias resistor. 

Noise performance is optimized through the use of emitter 
followers in the mode control matrix’s output. Internal 50 kn 
resistors are connected to each input selector pin to provide 
the proper bias point for the emitter follower buffers. Each 
internal 50 kn bias resistor is connected to a common half- 
supply (V+/2) source. This produces a voltage at pins 7 
and 22 (SELECT OUT) that is 1 .4V below V + / 2 (typically 
3.1V with V+ = 9V). Since a DC voltage is present at the 
input pins (4, 5, 6, 23, 24, and 25), input signals should be 
AC coupled through a 1 /xF capacitor. 

The output signal at pins 7 and 22 can be used to drive 
exteral audio processing circuits such as noise reduction 
(LM1894-DNR or Dolby) or graphic equalizers (LMC835). It 
is important that if any noise reduction is used it be placed 
ahead of any tone controls or equalizers in the external cir- 
cuit path to preserve the frequency spectrum of the select- 
ed input signal. Otherwise, any frequency equalization could 
prevent the proper operation of the noise reduction circuit. If 
no external processor is used, a capacitor should be used to 


couple the SELECT OUT signals directly to pins 8 and 21, 
respectively. 

MINIMUM LOAD IMPEDANCE 

The LMC1 983 employs emitter-followers to buffer the se- 
lected Stereo channels. The buffered signals are available 
at pins 7 and 22 (SELECT OUT). The SELECT OUT buffers 
operate with a typical bias current of 1 mA. 

The Electrical Specifications table lists a maximum input sig- 
nal of 2.0 V rms (2.8 Vpeak) for 1 % THD at the SELECT OUT 
pins. This distortion level is achieved when the minimum AC 
load impedance seen by f the SELECT OUT pins is 2.5 , kll 
(2.5V/ 1 mA). Using lower load impedances results in clip- 
ping at lower output levels. If the load impedance is DC-cou- 
pled, an increased quiescent current can flow. Latch-up may 
occur if the total emitter current exceeds 5 mA. Thus, maxi- 
mum output voltage can be increased and much lower dis- 
tortion levels can be achieved using load impedances of at 
least 25 kn. 

INPUT IMPEDANCE 

The input impedance of pins 4, 5, 6, 23, 24 and 25 is defined 
by internal bias resistors and is typically 50 kn. 

The SELECT IN pins have an input impedance that varies 
with the BASS and TREBLE control settings. The input im- 
pedance is 100 kn at DC and 19 kn at 1 kHz when the 
controls are set at p dB. Minimum input impedance of 
30.4 kH at DC and 16 kn at 1 kHz occurs when maximum 
boost is selected. At 10 kHz the minimum input impedance, 
with the tone controls flat, is 6.8 kn and, with the tone con- 
trols at maximum boost, is 2.5 kn. 


v + /2 



TL/H/1 1279-4 

FIGURE 2. Input and Mode Select Circuitry 
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Application Information (Continued) 


TABLE I. IM Bus Programming Codes for LMC1983 


Address 

(A7-A0) 

Function 

Data 

Function 

Selected 

01000000 

Input Select + Mute 

xxxxxxoo 

INPUT1 



XXXXXX01 

INPUT2 



XXXXXX10 

INPUT3 



XXXXXX1 1 

MUTE 

01000001 

Loudness 

xxxxxxxo 

Loudness OFF 



XXXXXXX1 

Loudness ON 

01000010 

Bass 

xxxxoooo 

-12 dB 



XXXX0011 

—6 dB 



XXXX0110 

FLAT 



XXXX1001 

+ 6 dB 



XXXX11XX 

-M2 dB 

01000011 

Treble 

xxxxoooo 

— 12 dB 



XXXX0011 

—6 dB 



XXXX0110 

FLAT 



XXXX1001 

+ 6 dB 



XXXX11XX 

+ 12 dB 

01000100 

Left Volume 

xxoooooo 

0 dB 



XX010100 

-40 dB 



XXI 01 XXX 

-80 dB 



XX11XXXX 

-80 dB 

01000101 

Right Volume 

xxoooooo 

0 dB 



XX010100 

-40 dB 



XXI 01 XXX 

-80 dB 



XX11XXXX 

-80 dB 

01000110 

Mode Select 

XXXXX100 

Left Mono 



XXXXX101 

Stereo 



XXXXX11X 

Right Mono 

01000111 

Read Digital Input 1 

XXXXXXD1D0 

DO = Digital Input 1 


or 


D1 = Digital Input 2 


Digital Input 2 




on IM Bus 
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Application information (Continued) 

EXTERNAL SIGNAL PROCESSING 

The SELECT OUT pins (7 and 22) enable greater system 
design flexibility by providing a means to implement an ex- 
ternal processing loop. This loop can be used for noise re- 
duction circuits such as DNR (LM1894) or multi-band graph- 
ic equalizers (LMC835). If both are used, it is important to 
ensure that the noise reduction circuitry precede the equali- 
zation circuits. Failure to do so results in improper operation 
of the noise reduction circuits. The system shown in Figure 
3 utilizes the external loop to include DNR and a multi-band 
equalizer. 

TONE CONTROL RESPONSE 

Bass and treble tone controls are included in the LMC1983. 
The tone controls use just two external capacitors for each 
stereo channel. Each has a corner frequency determined by 
the value of C2 and C3 (see Figure 4 ) and internal resistors 
in the feedback loop of the internal tone amplifier. The maxi- 
mum-boost or cut is determined by the data sent to the 
LMC1983 (see Table I). 

The typical tone control response shown in Typical Perform- 
ance Curves were generated with C2 = C3 = 0.0082 ju,F 
and show the response for each step. When modifying the 
tone control response it is important to note that the ratio of 
C3 and C2 sets the mid-frequency gain. Symmetrical tone 


response is achieved when C2 = C3. However, with 
C2 = 2(C3) and the tone controls set to “flat”, the frequen- 
cy response will be flat at 20 Hz and 20 kHz, and +6 dB at 
1 kHz. 

The frequency where a tone control begins to deviate from 
a flat response is referred to as the turn-over frequency. 
With C = C2 = C3, the LMCl983’s treble turn-over fre- 
quency is nominally 


" 27tC( 1 4 kfl) 

The bass turn-over frequency is nominally 


m 27rC(30.4kft) 

when maximum boost is chosen. The inflection points (the 
frequencies where the boost or cut is within 3 dB of the final 
value) are for treble and bass 


2ttC( 1.9 kH) 


2ttC( 169.6 kft) 


INPUT 1 
INPUT 2 
INPUT 3 


DIGITAL 
INPUT 1 


DIGITAL 
INPUT 2 



TL/H/1 1279-5 

FIGURE 3. System Block Diagram Utilizing the External Processing Loop (One Channel Shown) 
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Application Information (Continued) 

8(21) 9(20) 10(19) 11(18) 

SELECT IN TONE IN TONE OUT OP AMP OUT 



TL/H/1 1279-6 

FIGURE 4. The Tone Control Amplifier 

Increasing the values of C2 and C3 decreases the turnover 
and inflection frequencies: i.e., the Tone Control Response 
Curves shown in Typical Performance Curves will shift left 
when C2 and C3 are increased and shift right when C2 and 
C3 are decreased. With C2 = C3 = 0.0082, 2 dB steps are 
achieved at 100 Hz and 10 kHz. Changing C2 and C3 to 
0.01 {xF shifts the 2 dB per step frequency to 72 Hz and 
8.3 kHz. If the tone control capacitors’ size is decreased 
these frequencies will increase. With C2 = C3 = 0.0068 jaF 
the 2 dB steps take place at 130 Hz and 11.2 kHz. 

LOUDNESS 

The human ear has less sensitivity to high and low frequen- 
cies relative to its sensitivity to mid-range frequencies be- 
tween 2 kHz and 6 kHz for any given acoustic level. The low 
and high frequency sensitivity decreases faster than the 
sensitivity to the mid-range frequencies as the acoustic level 
drops. The LMC1983’s loudness function can be used to 
help compensate for the decreased sensitivity by boosting 
the gain at low and high frequencies as the volume control 
attenuation increases (see the curve labeled “Gain vs Fre- 
quency with Loudness Active”). 

The LMC1983’s loudness function uses external compo- 
nents R1 , R2, C4 and C5, as shown in Figure 5, to select the 
frequencies where bass and treble boost begin. The amount 


of boost is dependent on the volume attenuator’s setting. 
The loudness characteristic, with the volume attenuator set 
at 40 dB, has a transfer function of 

Vg (SC5R2 + 1)[sC4(R1 + 156k)+ 1] 

V| (s 2 )C4C5R2(1 63k) + s[C4(156k) + C5(4.9R2 + 156k)] + 1 

The external components R1 and C4 can be eliminated and 
pin 1 1(18) left open if bass boost is the only desired loud- 
ness characteristic. 



TL/H/1 1279-7 

FIGURE 5. Loudness Control Circuit 
SERIAL DATA COMMUNICATION 

The LMC1983 uses the INTERMETAL serial bus (IM Bus) 
standard. Serial data information is sent to the LMC1983 
over a three wire IM Bus consisting of Clock (CLK), Data 
(DATA), and Identity (ID). The DATA line is bidirectional and 
the CLK and ID lines are unidirectional from the microproc- 
essor or micontroller to the LMC1983. The LMC1983’s bidi- 
rectional capability is accomplished by using an open drain 
output on the DATA line and an external 1 kft pull-up resis- 
tor. 

The LMC1983 responds to address values from 01000000 
(40h) through 010001 1 1 (47h). The addresses select one of 
the eight available functions (see Table I). The IM Bus’ lines 
have a logic high standby state when using TTL logic levels. 
As shown in Figure 6, data transmission is initiated by low 
levels on CLK and ID. Next, eight address bits are sent. This 
address information includes the code to select one of the 
LMC1983's desired functions. Each address bit is clocked in 
on the rising edge of CLK. The ID line is taken high after the 
eight bits of address data are received by the LMC1983. 


"bo tJ 


ID 1 | 

|-*-250ns [*-250 ns |< 1 — { 

« “1 

DATA | A0 | A1 | A2 | A3 | A4 | A5 | A6 ^ A7 | DO | D1 | D2 j D3 | D4 | D5 | D6 | D7 | """ 

TL/H/1 1279-8 

FIGURE 6. LMC1983’s INTERMETAL Serial Bus Timing 
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Application Information (Continued) 

The controlling system continues toggling the CLK line eight 
more times. Data that determines the selected function’s 
operating point is written into, or single bit information on 
DIGITAL INPUT 1 or DIGITAL INPUT 2 is read from, the 
LMC1983. Finally, ^he end of transmission is signaled by 
pulsing the ID line low for a minimum of 3 ju,s. The transmit- 
ted function data is latched and the function changes to its 
new setting. 

Table I also details the serial data structure, range, and bit 
assignments that sets each function’s operating point. The 
volume and tone controls’ function control data binarily in- 
crements from zero to maximum as the function’s operating 
point changes from 80 dB attenuation to 0 dB attenuation 
(volume) or -12 dB to +12 dB (tone controls). Note that 
not all data bits are needed by each function. The extra bits 
shown as “X”s (“don’t cares”) are position holders and 
have no affect on a respective control. They are necessary 
to properly position the data in the LMC1983’s internal data 
shift register. Unexpected results may take place if these 
bits are not sent. 

The LMC1983’s internal data shift register can handle either 
a 1 6-bit word or two 8-bit serial data transmissions. It is the 
final 8 bits of data received before the ID line goes high that 
are used as the LMCT983 selection and function addresses. 
The final eight bits after the ID line returns high are used to 


change a function’s operating point. CLK must be stopped 
when the final 8 data bits are received. The data stored in 
the internal data latch remains unchanged until the ID is 
pulsed, signifying the end of data transmission. When ID is 
pulsed, the new data in the data shift register is latched into 
the data latch and the selected function takes on a new 
operating point. 

A complete description and more information concerning 
the IM Bus is given in the appendix of ITT’s CCU2000 data- 
sheet. 

DIGITAL I/O 

The LMC1983’s two Digital Input pins, 2 and 3, provide sin- 
gle-bit communication between a peripheral device and the 
controller over the IM Bus. Each pin has an internal 30 kn 
pull-up resistor. Therefore, these pins should be connected 
to open collector/drain outputs. The type of information that 
could be received on these lines and retrieved by a control- 
ler include FM stereo pilot indication, power on/off, Second- 
ary Audio Program (SAP), etc. 

According to Table I, the logic state of DIGITAL INPUT 1 
and DIGITAL INPUT 2 is latched and can be retrieved over 
the IM Bus using the read command (47h). The single-bit 
information sent on the IM Bus is active low since these 
lines are internally pulled high. 
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National Semiconductor 


LMC1992 Digitally-Controlled Stereo Tone and Volume 
Circuit with Four-Channel Input-Selector 


General Description 

The LMC1992 is a monolithic integrated circuit that provides 
four stereo inputs, bass and treble tone controls, and vol- 
ume, balance, and front-rear fader controls. These functions 
are digitally controlled through a three-wire communication 
interface. All of the LMC1 992s functions are achieved with 
only three external capacitors per channel. It is designed for 
line level input signals (300 mV - 2V) and has a maximum 
gain of 0 dB. 

The internal design is optimized for external capacitors hav- 
ing values of 0.1 jaF or less. This allows the use of chip 
capacitors for coupling and tone control functions. 

Low noise and distortion result from using analog switches 
and thin-film silicon-chromium resistor networks in the sig- 
nal path. 

Volume and fader are at minimum and tone controls are flat 
when supply voltage is first applied. 

Additional tone control can be achieved using the LMC835 
stereo 7-band graphic equalizer connected to the 
LMC1992’s select-out/select-in external processor loop. 


Features 

■ Low noise and distortion 

■ Four stereo inputs 

■ 40 volume levels including mute 

■ 20 fader levels 

■ All attenuators have a 2 dB of attenuation per step 

■ Front/back fade control 

■ External processor loop 

■ Only three external components per channel 

■ Serial programmable: standard MICROWIREtm 
interface 

■ Single supply operation: 6V to 12V supply voltage 

■ Protection address (similar to DS8906) 

■ DC-coupled inputs 

■ Single supply operation 

Applications 

■ Automotive audio systems 

■ Sound reinforcement systems 

■ Home entertainment — stereo television and music re- 
production systems 

■ Electronic music (MIDI) 


Block and Connection Diagrams 




Order Number LMC1992CCN 
See NS Package Number N28B 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - GND) 15V 

Voltage at Any Pin GND - 0.2V to V+ + 0.2V 

Input Current at Any Pin (Note 3) 5 mA 

Package Input Current (Note 3) 20 mA 

Power Dissipation (Note 4) 500 mW 

Junction T emperature 1 25°C 


Storage Temperature 
Lead Temperature 
N Package, Soldering, 10 sec. 
ESD Susceptibility (Note 5) 

Pins 9, 10, 11, 19, 20, 21 


-65°C to +150°C 

+ 260°C 
2000V 
850V 


Operating Ratings (Notes 1 and 2) 

Temperature Range T M in ^ T A ^ T MAX 

0°C <; T a ^ 70°C 


LMC1992CCN 
Supply Voltage Range (V+ - V~) 


6V to 1 2 V 


Electrical Characteristics The following specifications apply for V+ = 8V, f|N = 1 kHz, input signal applied to 
channel 1, volume = 0 dB, bass = 0 dB, treble = 0 dB, and faders = 0 dB unless otherwise specified. All limits T A = Tj = 
25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limit 
(Note 7) 


•s 

Supply Current 



| 


V| N 

Input Voltage 

Clipping Level (1.0% THD), 

Select Out (Pins 8, 22) 



V rms (rnin) 

V OUT 

Output Voltage 

Clipping Level (1.0% THD), 

Outputs (Pins 13, 14, 16, 17) 




THD 

Total Harmonic Distortion 

All Four Channels 

Volume Attenuator at 0 dB, Input Level 0.3 V rms 

1 

0.3 

% (max) 



Volume Attenuator at -20 dB, Input Level 0.6 V rms 


0.1 

% (max) 

EnOUT 

Output Noise 

All Four Channels CCIR/ARM Filter, R§ = OH 

mm 

30.0 

Ju-Vrms (max) 

EnOUT 

Output Noise 

All Four Channels CCIR/ARM Filter, Rs = OH 
Volume Attenuator = -80 dB 


20.0 

MVrms (max) 

r OUT 

DC Output Impedance 

Pins 8, 22 

100 

150 

ft (max) 



Pins 13, 14, 16, 17 

80 

120 

ft (max) 

r IN 

DC Input Impedance 

Pins 4, 5, 6,7,23, 24, 25, 26 

2 


Mft 

■ 

Volume Attenuator Range 

Pins 16, 17; Volume Attenuation at 






0101 1 10100X (0 dB); (Absolute Gain) 

-1.0 

-1.5 

dB (max) 



01011000000 (80 dB); (Relative to Attenuation at 
the 0 dB setting) 

80.0 

75.0 

dB (min) 


Volume Step Size 

All Volume Attenuation Settings from 01011001010 


0.7 

dB (min) 



(60 dB) to 01 01 1 1 01 00X (0 dB) (Note 9) 

mm 

4.3 

dB (max) 


Channel-to-Channel Volume 

Fader Attenuation from 1XXX000000 

Q 

±1.0 

dB (max) 


Tracking Error 

(40 dB) to 1 XXXI 01 OX (0 dB) 

■ 

Fader Attenuation Range 

Pins 16,17; Fader Attenuation at 

■ ■ 





01 1 XXXI 01 OX (0 dB); (Absolute Gain) 


-1.5 

dB (max) 



01 1XXX00000 (40 dB); (Relative to Attenuation at 
the 0 dB setting) 

HI 

38.0 

dB (min) 


Fader Step Size 

All Fader Attenuation Settings from 01 1XXX00000 


1.0 

dB (hfiin) 



(40 dB) to 01 1 XXXI 01 OX (0 dB) (Note 1 0) 

■ ■ 

4.5 

dB (max) 
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Electrical Characteristics The following specifications apply for V+ = 8V, f|N = 1 kHz, input signal applied to 
channel 1, volume = 0 dB, bass = 0 dB, treble = 0 dB, and faders = 0 dB unless otherwise specified. All limits Ta = Tj = 
25°C. (Continued) 



Bass Gain Range 
Bass Tracking Error 
Bass Step Size 

Treble Gain Range 


Treble Tracking Error 


Treble Step Size 


Conditions 

flN = 100 Hz, Pins 14, 16 
f IN = 100 Hz, Pins 14, 16 

f IN = 100 Hz, Pins 14, 16 
(Relative to Previous Level) 

f in = 10 kHz, Pins 14, 16 


f IN = 10 kHz, Pins 14, 16 


f| N = 10 kHz, Pins 14, 16 
(Relative to Previous Level) 


Typical Limit 
(Note 6) (Note 7) 


Frequency Response 

— 3 dB 


-0.3 dB (Relative to Signal Amplitude at 1 kHz) 


Vim = 1.0 V 


Vin = 1 '0 V rms (Note 8) 



dB 

(min) 

dB 

(max) 

dB 

(min) 

dB 

(max) 

dB 

(min) 

dB 

(max) 

dB 

(min) 

dB 

(max) 

kHz 

kHz (min) 

dB 

(min) 

dB 

(min) 

dB 

(min) 


0.5 MHz (max) 

2.0 V (min) 

0.8 V (max) 


Channel Separation 
Input-Input Isolation 

PSRR Power Supply Rejection Ratio V+ = 8 Vdc; 100 mVp.p, 

1 00 Hz Sinewave Applied to Pin 28 f 


fcLK Clock Frequency 1.0 0.5 MHz (max) 

V|N(i) Logic “1” Input Voltage 1.3 2.0 V (min) 

V|N(o) Logic “0” Input Voltage 0.4 0.8 V (max) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed 
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test 
conditions. 

Note 2: All voltages are specified with respect to ground. 

Note 3: When the input voltage (Vim) at any pin exceeds the power supply voltages (V| N < V~ or Vin > V+) the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply voltages with 5 mA current limit to four. 
Note 4: The maximum power dissipation must be de-rated at elevated temperatures and is dictated by Tj MAX , 4>ja. and the ambient temperature T A . The maximum 
allowable power dissipation is PD = (Tjm AX - T A )/0j A or the number given in the Absolute Maximum Ratings, whichever is lower. For the LMC1992CCN, Tj^ ax 
= 125°C, and the typical junction-to-ambient thermal resistance, when board mounted, is 67°C/W. 

Note 5: Human body model; 100 pF discharged through a 1.5 kft resistor. 

Note 6: Typicals are at Tj = 25°C and represent the most likely parametric norm. 

Note 7: Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The Input-Input Isolation is tested by driving one input and measuring the front outputs when the undriven inputs are selected. 

Note 9: The Volume Step Size is defined as the change in attenuation between any two adjacent volume attenuation settings. The nominal Volume Step Size is 
2 dB. 

Note 10: The Fader Step Size is defined as the change in attenuation between any two adjacent fader attenuation settings. The nominal Volume Step Size is 2 dB. 
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Typical Performance Characteristics 



SUPPLY VOLTAGE (V) 

TL/H/ 10789-3 

Total Harmonic Distortion 



OUTPUT LOAD RESISTANCE (kO) 

TL/H/1 0789-6 

Channel Separation 



100 1000 10000 100000 
FREQUENCY (Hz) 

TL/H/1 0789-9 


Maximum Output Swing vs 
^ Supply Voltage 

25 |T* = 25<i | |- 

Outputs: pins 13, 14, 16,17^ 

'l* Z0 V* = 8V- 



2 4 6 8 10 12 

SUPPLY VOLTAGE (V) 

TL/H/1 0789-4 

Total Harmonic Distortion 
vs Select Out AC Load 


SELECT OUT LOAD (k O) 

TL/H/1 0789-7 

Total Harmonic Distortion 
vs Input Voltage 


o 0.4 


— ' V 0 = 30 mV 

V 0 = 100 mV 

V 0 = 300 mV 


/ 

1 

T a = 25°C 
V + = 8V 

4,26 
s 14, 


/ 

/ 

/ 

* 


Outp 

uts: pir 

16 / 
K 



— 

<* 


N 

X- 

IB— 






200 400 600 800 1000 1200 

INPUT VOLTAGE (mV) 

TL/H/1 0789- 10 


Output Noise Voltage 
vs Frequency 




100 1000 10000 100000 
FREQUENCY (Hz) 

TL/H/ 10789-5 

CCIR Output Noise Voltage 
vs Volume Seating 


S 5 

| « 

5 3 

j/j 

2 2 

oc 

8 , 

0 


<"N 

s/ 


/* 

s 







J 

V 


sr 

\ 











T a = 25°( 

V* = 8V 
R s — 00. 
Tone Con 

L_ 






itrol 

flat 





Inputs: pins 4, 26 
Outputs: pins 13, 1 

4, 1€ 

i,l7 


0 10 20 30 40 SO 60 70 80 

VOLUME SETTING (-dB) 

TL/H/1 0789-8 


Attenuation vs Frequence 


OdB 
-10dB 
f -20 dB 
' -30 dB 
| -40 dB 
j “50 dB 
I -60 dB 
-70 dB 
-80 dB 



1 

Ill 

HUB 


A = 

f+: 

25°C 

3 

m 


■ 

III 

HUB 

.! 

= 8V 

tl 

mm 


1 

III 

HUB 

Inputs: pins 4, 

mwi 


. 



C 

ut 

puts 

: pin 

si 

3,14 




IIIH 



llll 


3 

tl 

■ 



IIIH 



mi 


n 

lllllll 

B 



IIIH 



mi 



mini 

B 



IIIH 



mi 


s: 


B 



IIIH 



mi 

5 

21 

mill 

_ 



IIIH 



nii 

_ 

I 

min 


Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/10789-11 
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Typical Performance Characteristics (Continued) 


Tone Control Response 
with Equal Bass and 
Treble Control Settings 



20 100 Ik 20k 

FREQUENCY (Hz) 


TL/H/ 10789- 12 


Tone Control Response 
with Reciprocal Bass and 
Treble Control Settings 

20 
16 
12 
8 

CD 4 

x> 

2 0 

3 -4 

-8 
-12 
-16 
-20 

20 100 Ik 20k 

FREQUENCY (Hz) 

TL/H/10789-13 



Treble Tone Control 
Response 



Bass Tone Control 
Response 

20 
16 
12 
8 

S' 4 

-a 

* 0 
3 -4 

-8 
-12 
-16 
-20 

20 100 Ik 20k 

FREQUENCY (Hz) 

TL/H/10789-15 


Select In Impedance 
vs Frequency 



Frequency (Hz) 

TL/H/10789-16 



Connection Diagram 


DATA- 

c 

N> 

OO 

— V+ 

CLOCK- 

2 

27 

-BYPASS 

ENABLE- 

3 

26 

-RIGHT INPUT 1 

LEFT INPUT 1- 

4 

25 

-RIGHT INPUT 2 

LEFT INPUT 2- 

5 

24 

-RIGHT INPUT 3 

LEFT INPUT 3- 

6 

23 

-RIGHT INPUT 4 

LEFT INPUT 4- 

7 

22 

-RIGHT SELECT OUT 

LEFT SELECT 0UT- 

LMC1992 

8 21 

-RIGHT SELECT IN 

LEFT SELECT IN- 

9 

20 

-RIGHT TONE IN 

LEFT TONE IN- 

10 

19 

-RIGHT TONE OUT 

LEFT TONE OUT- 

11 

18 

-RIGHT OP AMP OUT 

LEFT OP AMP 0UT- 

12 

17 

-RIGHT REAR OUT 

LEFT REAR OUT- 

13 

16 

-RIGHT FRONT OUT 

LEFT FRONT OUT- 

14 

15 

-GROUND 


TL/H/ 10789- 17 
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ENABLE(3) 


Pin Description 

DATA(1) This is the serial data input for communica- 
tions sent by a controller. The data rate has a 
maximum frequency of 500 kHz. The 
LMC1992 requires 11 bits of data to control 
or change a function: the first two bits, a 1 
and 0, select the LMC1992, the next three 
bits select a function, and the final six bits set 
the function to a desired value. The data 
must be valid on the rising edge of the 
CLOCK input signal. 

CLOCK(2) The CLOCK input accepts a TTL or CMOS 
level clocking signal. The input is used to 
clock the DATA input signal and determines 
when a data bit is valid. 

ENABLE(3) This input accepts a logic low signal when a 
controller is addressing the LMC1992. When 
ENABLE is active, the LMC1 992 responds to 
input signals present on the DATA and 
CLOCK inputs. 

INPUT 1 -4 Four two-channel analog inputs are available 

(4-7, 23-26) on the LMC1992. These pins should be dc-bi- 
ased to mid-supply. 

SELECT OUT The selected INPUT signal is available at this 

(8, 22) output. This feature allows the use of external 
signal processing such as noise reduction or * 
graphic equalizers. This output can typically 
sink 1 mA. 

SELECT IN This is the input that an external signal proc- 

(9, 21 ) essor uses to return a signal to the LMC1 992. 

TONE IN This is the input to the tone control amplifier. 

(10, 20) See the Application Information section titled 
“Tone Control Response”. 

TONE OUT Tone control amplifier output. See the Appli- 

(11,19) cation Information section titled “Tone Con- 
trol Response”. 

OP AMP OUT This output is used externally with the tone 

(12, 18) control capacitors. Internally, this output is 
applied to the volume attenuators. 


SELECT IN 
(9, 21) 
TONE IN 
( 10 , 20 ) 

TONE OUT 
(11,19) 


REAR OUT 
(13,17) 

FRONT OUT 
(14,16) 

GROUND 

(15) 

V+ (28) 


BYPASS (27) 


This pin’s output signal is intended for the 
rear amplifiers in a four speaker stereo sys- 
tem. The output can typically sink 350 juA 
This pin’s output signal is intended for the 
front amplifiers in a four speaker stereo sys- 
tem. The output can typically sink 350 juA 

This is the system ground connection. 

This is the power supply connection. The 
LMC1992 is operational with supply voltages 
from 6V to 12V. It is recommended that this 
pin is bypassed with 0.1 ju,F capacitor. 

A 1 0 juF capacitor is connected between this 
pin and ground. 


General Information 

The LMC1992 is a CMOS/bipolar high quality building block 
intended for high fidelity audio signal processing. It is de- 
signed for line level input signals (300 mV - 2 V) and has a 
maximum gain of -1 dB. While the LMC1992 is manufac- 
tured with CMOS processing, NPN transistors are used to 
build low noise op amps. The combination of CMOS 
switches, bipolar op amps, and SiCr resistors make it possi- 
ble to achieve an order of magnitude quality improvement 
over other bipolar circuits that use analog multipliers to ac- 
complish gain adjustment. 

The LMC1992 has internal decoding logic that allows a 
computer (juP) to communicate directly to the audio control 
circuitry through a standard MlCROWIRE interface. This 
three-wire interfac e consists of a DATA inp ut line, a C LOCK 
input line, and an ENABLE line. When the ENABLE line is 
low, data can be serially shifted from the controller to the 
LMC1992. As the ENABLE line goes through the low-to- 
high transition, any additional data is ignored. Data present 
in the internal shift register is latched and the instruction is 
executed. 

Figure 1 shows the connection diagram of a typical 
LMC1992 application. 


V 4 (+8V) 


FROM jxP CONTROLLER i 


TO POWER AMPS 


DATA 

CLOCK 

ENABLE 

LEFT INPUT 1 
LEFT INPUT 2 
LEFT INPUT 3 
LEFT INPUT 4 
SELECT OUT 
= 4= SELECT IN 

tone" 

TONE OUT 

i OP AMP OUT 

JF l 

LEFT REAR OUT 

LEFT FRONT OUT 


— 

t 

28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

LMC1992 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


Y cc I 0,1 . f F 

BYPASS ^ 

RIGHT INPUT 1 
RIGHT INPUT 2 
RIGHT INPUT 3 
RIGHT INPUT 4 

SELECT OUT . , „ 

qO.I/xF 

SELECT IN 4= 

TONE IN i 

1 0.0082 ptf 

TONE OUT 

-10.0082 pi? 

OP AMP OUT 
RIGHT REAR OUT 

RIGHT FRONT OUT TO POWER AMPS 
GROUND 


■*0.0082 piF 
10.0082 aiF 


FIGURE 1. Typical Connection Diagram 
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Applications Information 

MINIMUM LOAD IMPEDANCE 

The LMC1992 employs emitter-follower buffers at pins 8 
and 22 (SELECT OUT), 13 and 14 (LEFT FRONT and 
REAR OUTPUTS), and 16 and 17 (RIGHT FRONT-and- 
REAR OUTPUTS) that buffer output signals. Typical bias 
current of 1 mA is used for the SELECT OUTPUT buffers 
and 350 ju,A for the LEFT-and-RIGHT, FRONT-and-REAR 
OUTPUT buffers. 

The Electrical Specifications table lists a maximum input sig- 
nal of 2.3 V rms (3.25 Vpeak) for 1% THD at the SELECT 
OUT pins. This distortion level is achieved when the mini- 
mum ac load impedance seen by the SELECT OUT pin is 
3.25 kfl (3.25V/1 mA). For the LEFT-and-RIGHT, FRONT- 
and-REAR OUTPUTS, the typical maximum output is 1.2 
V r ms (1 -55 V pea k)- Therefore, the minimum load impedance 
is 4.43 ka (1.55 V/0.35 mA). Trying to use a lower imped- 
ance results in a clipped output signal. Therefore, the 
chance of dipping can be greatly reduced and much lower 
distortion levels can be achieved by using load impedances 
that are an order of magnitude higher than shown here. 

For applications that require dc coupling and the INPUTS 
biased to V+/2, the minimum load impedance will differ 
from that detailed in the above discussion. The emitter fol- 
lowers may be potentially operating at high currents be- 
cause there is a dc voltage V+/2 - 0.7V at the SELECT 
OUT pins; dc resistance to ground will result in increased 
current flow. Latch-up may occur if the total emitter current 
exceeds 5 mA. This current is a combination of the emitter 
follower’s 1 mA current source and 4 mA drawn by the ex- 
ternal load. Therefore, to prevent this possibility, the mini- 
mum dc load impedance should be 

Vpeak + (V+/2- 0-7V) =l638fl 
4 mA 


To allow for variations and part tolerances, 2.0 kft is a good 
choice for this minimum dc load impedance. 

When dc coupling is used at the LEFT-and-RIGHT, FRONT- 
and-REAR OUTPUTS, the output emitter followers will be 
operating at a nominal dc voltage of V+/2 - 2(0.7V). 
Latch-up may occur if the total emitter current exceeds 
1 mA. This current is a combination of the emitter follower’s 
0.35 mA current source and 0.65 mA drawn by the external 
load. Therefore, to prevent this possibility, the minimum dc 
load impedance should be 

Vpeak + (V+/2-2(0.7V)) _ 

0.65 mA 

Vpeak = 3.25V 
V+ = 8V 



FIGURE 2. Input Bias Network 

To allow for variations and part tolerances, 10 kft is a good 
choice for this minimum dc load impedance. 

INPUT IMPEDANCE 

For ac coupled input signals the input impedance value is 
determined by bias resistor R1, as shown in Figure 2. A 
directly coupled input signal will see an emitter follower’s 
nominal input impedance of 2 Mft. 

The SELECT IN pins have an input impedance that varies 
with the BASS and TREBLE control settings. The input im- 
pedance is 96 kn at dc and 27 kft at 1 kHz when the con- 
trols are set at 0 dB. Minimum input impedance of 28 kfl at 
dc and 24 kfl at 1 kHz occurs when maximum boost is 
selected. At 10 kHz the minimum input impedance, with the 
tone controls flat, is 8 kfl and, with the tone controls at 
maximum boost, is 3 kfl. 

STEREO SIGNAL INPUTS 

When operating with a single supply voltage, the stereo sig- 
nal inputs must be dc biased to one-half of the supply volt- 
age, as shown in Figure 2. As an example, with a supply 
voltage of 8 V, all signal sources should have a dc bias of 
4V. The maximum input signal level of 6.5 V p . p (for 1% 
THD) would then swing from 0.75 V to 7.25V. Input-to-input 
crosstalk can be minimized by using a separate dc bias cir- 
cuit for each stereo input pair. 

EXTERNAL SIGNAL PROCESSING 

The signal present at the selected input will be available at 
the SELECT OUT pins 8 (left) and 22 (right). The dc bias 
voltage at those pins will be one base-emitter voltage, ap- 
proximately 0.7 Vd C , below the source because of the inter- 
nal emitter follower. Therefore, if the selected input has a 
bias of 4.0 Vd C the dc component at pins 8 and 22 will be 
about 3.3 Vd C . 

The LMC1992’s SELECT OUT emitter followers allow addi- 
tional signal sources using emitter follower outputs (such as 
multiple LMC1992s) to be “wired-ORed” together. When 
this feature is in use, the input channel of the LMC1992 not 
in use should be set to “open” input codes 01000XX0000 or 
01000XX011X. 
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Applications Information (Continued) 


■ A*P CONTROLLER I 



LMC1992 

FUNCTIONS 


TONE CONTROL 
BASS - TREBLE 


DECODING, 

LOGIC, 

ETC. 


FADE CONTROL 


EQUALIZER 

LMC835 


I POWER AMP I 
LM1875 I 


TL/H/10789-19 


FIGURE 3. System Block Diagram Showing Inclusion of DNR® Noise 
Reduction (LM1894) and Equalizer (LMC835) (One Channel Only— LMC1992) 


The SELECT OUT pins (8 and 22) enable greater system 
design flexibility by providing a means to implement an ex- 
ternal processing loop. This loop can be used for noise re- 
duction circuits such as DNR (LM1894) or mulit-band graph- 
ic equalizers (LMC835). It is important to ensure that if both 
are used, the noise reduction circuitry precede the equaliza- 
tion circuits. Failure to do so will result in improper operation 
of the noise reduction circuits. The system shown in Figure 
3 utilizes the external loop to include DNR and a multi-band 
equalizer. 

AUDIO MUTE 

A mute function with attenuation of 100 dB is possible with 
the volume control set to -80 dB and the INPUT select 
code set to 01000XX0000 (open circuit). 

TONE CONTROL RESPONSE 

Base and treble tone controls are included in the LMC1992. 
The tone controls use just two external capacitors for each 
stereo channel. Each has a corner frequency determined by 
the value of C2 and C3 (Figure 4) and internal resistors in 
the feedback loop of the internal tone amplifier. The maxi- 
mum amplitude boost or cut is determined by the data sent 
to the LMC1992 (see Table I). 


The typical tone control response shown in the Typical Per- 
formance Curves were generated with C2 = C3 =’ 
0.0082 juF and show the response for each step. When 
modifying the tone coritrol response it is important to note 
that the ratio Of C3 and C2 sets the mid-frequency gain. 
Symmetrical tone response is achieved when C2 = C3. 
However, with C2 = 2(C3) and the tone controls set to 
“flat", the frequency response will be flat at 20 Hz and 20 
kHz, and +6 dB at 1 kHz. 

The frequency where a tone control begins to deviate from 
a flat response will be referred to as the turn-over frequen- 
cy. With C = C2 = C3, the LMC1992’s treble turn-over 
frequency is nominally 

fTT “ 2wC(14.2kft) 

The base turn-over frequency is nominally 

, BT = !_ 

BT 2irC(27.7kft) 

when maximum boost is chosen. The inflection points (the 
frequencies where the boost or cut is within 3 dB of the final 
value) are for treble and bass 

fTI ~ 2 ttC( 2.3 kft) 


2ttC( 164.1 kft) 
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Applications Information (Continued) 

C2 C3 



TL/H/ 10789-22 

FIGURE 4. The Tone Control Amplifier 

Increasing the values of C2 and C3 decreases the turnover 
and inflection frequencies: i.e., the Tone Control Response 
Curves shown in Typical Performance Curves will shift left 
when C2 and C3 are increased and shift right when C2 and 
C3 are decreased. With C2 = C3 = 0.0082, 2 dB steps are 
achieved at 100 Hz and 10 kHz. Changing C2 and C3 to 
0.01 fiF shifts the 2 dB per step frequency to 72 Hz and 8.3 
kHz. If the tone control capacitors’ size is decreased these 
frequencies will increase. With C2 = C3 = 0.0068 /xF the 2 
dB steps take place at 1 30 Hz and 1 1 .2 kHz. 

FADER FUNCTION 

The four fader functions are all independently adjustable 
and therefore no balance control is needed. Emulating a 
balance control is accomplished through software by simul- 
taneously changing a channel’s front and rear faders by 
equal amounts. To satisfy normal balance requirements the 
faders have an attenuation range of 40 dB. 


SERIAL COMMUNICATION INTERFACE 

Figure 5 shows the LMC1 992’s timing diagram for its three 
wire MICROWIRE interface. A controller’s data stream can 
be any length; once the correct device address is received 
by the LMC1 992, any number of data b its can be sent; the 
last nine bits occurring before ENABLE goes high are used 
by the LMC1 992. The first two bits in a valid data stream are 
decoded and used as device address bits. The LMC1992 
uses a unique address of 1,0. The LMC1992 will not re- 
spond to information on the DATA line if any other address 
is used. This allows other MICROWIRE serially programma- 
ble devices to share the same three-wire communication 
bus. When ENABLE goes high, any further serial data is 
ignored and the contents of the shift register is transferred 
to the data latches. Only when information is received by 
the data latches do any function or setting changes take 
place. The first three of nine bits select one of the 
LMC1 992s functions. The remaining six bits set the select- 
ed function to the desired value or position. 

A data bit is accepted as valid and clocked into an internal 
shift register on each rising edge of the signal appearing at 
the LMC1992S CLOCK input pin. Proper d ata interpretation 
and operation is ensured when ENABLE makes its falling 
transition during the time when CLOCK is low. Erroneous 
operation will result if the ENABLE signal makes its falling 
transition at any other time. 


CLOCK 


njnjnjrTJ^njnj^jnjnjn. 


DATA 

| MSB | 1 


1 ! 

D0NT CARE 

| 1 | 0 | A2 

| A1 

| A0 | 

ENABLE 





| (Note 2) 

i 



LSB 


D5 


ID4 

D3 

D2 

Dll 


D0NT CARE 


CHIP SELECT 
ADDRESS 


FUNCTION ADDRESS 


DATA WORD 


TL/H/1 0789-21 


Note 1: Negative transition on ENABLE clears previous address. Clock must be low during transition. 
Note 2: Additional don’t care states may be inserted here for ease of programming. (Optional.) 


Note 3: Positive transition on ENABLE latches in new data if the LMC1 992 has been addressed. Clock can either be high or low during transition. 

FIGURE 5. Clocking Data into the Standard MICROWIRE Interface 
(Minimum Number of Bits in Data Stream) 
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Applications Information (Continued) 


TABLE I. Programming Codes for LMC1992 


A2 

Address 

A1 

A0 

Function 

D5 

D4 

Data 

D3 

D2 

D1 

DO 

Values 

1 

1 

1 

Left Rear Fader 

X 

MSB 

N 

N 

N 

LSB 

-40 dB = X00000 

-20 dB = X01010 

OdB = X1010X 

1 

1 

0 

Right Rear Fader 

X 

MSB 

N 

N 

N 

LSB 

-40 dB = X00000 

—20 dB = X01010 

0 dB = XI 01 OX 

1 

0 

1 

Left Front Fader 

X 

MSB 

N 

N 

N 

LSB 

— 40dB = X00000 

- 20 dB = X01010 

0 dB = XI 01 OX 

1 

0 

0 

Right Front Fader 

X 

MSB 

N 

N 

N 

LSB 

-40 dB = X00000 

-20 dB = X01010 

OdB = X1010X 

0 

1 

1 

Volume 

MSB 

N 

N 

N 

N 

LSB 

-80 dB = 000000 

-40 dB = 010100 

OdB = 10100X 

0 

1 

0 

Treble 

X 

X 

MSB 

N 

N 

LSB 

— 1 2 dB = XX0000 
FLAT = XX0110 
+ 12 dB = XX1 100 

0 

0 

1 

Bass 

X 

X 

MSB 

N 

N 

LSB 

— 12 dB = XX0000 

FLAT = XX0110 

+ 12 dB = XX1100 

0 

0 

0 

Input Select 

X 

X 

0 

MSB 

N 

LSB 

OPEN = XX0000 

INPUT1 = XX0001 

INPUT2 = XX0010 

INPUT3 = XX0011 

INPUT4 = XX0100 


Note 1: All attenuators 2 dB/step. 

Note 2: Tone controls 2 dB/step @ 100 Hz and 10 kHz. 

Note 3: Use of data that deviates from the values shown in the table may result in erroneous results. 


SERIAL DATA FORMAT 

Table I displays the required data format needed by the 
LMC1992. Not shown is the 2-bit device address (10). 
These two bits of information must precede the final nine- 
bits used as the data word. The first three of these nine bits 
is the function address. 

The VOLUME, TONE, and FADER controls are designed to 
increment their settings (in 2 dB steps) as the control data is 
incremented by one LSB. Disregarding the device address 
and the function address, the VOLUME input code increas- 
es from 000000 (-80 dB) to 10100X (0 dB). The TONE 


controls’ input code increases from XX0000 (-12 dB) to 
XX01 1 0 (0 dB) to XX1 1 00 (+ 1 2 dB). The code for the FAD- 
ERs starts from X00000 (-40 dB) and goes to XI 01 OX 
(0 dB). 

The table shows that VOLUME is the only function that uses 
all six bits to choose that function’s setting. The remaining 
functions use less than six bits; the unused bits are shown 
as “X”s (“don’t care”). While these “don’t care” bits have 
no effect on their respective function, the LMC1992 must 
receive them for proper operation. If neglected, erroneous 
or unknown results will occur. 
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Applications Information (Continued) 

DATA TRANSFER EXAMPLE 

The following routines, based on the flowchart shown in Fig- 
ure 6, are examples of COPStm microcontroller instruction 
code that can be used to control the LMC1992 (see Nation- 
al Semiconductor’s COPS Microcontrollers Databook for 
more information). These routines arbitrarily select COPS 
register 0 for I/O purposes. When these routines are en- 
tered, it is assumed that chip select is high, SK (clock) is 
low, and SO (data) is low. These routines exit with chip se- 
lect high and SK and SO low. Output port GO is arbitrarily 
chosen to send the chip select signal to the LMC1992. 

The 11 data bits needed to control the LMC1992 are as- 
sumed to be in the 4-bit registers, 13-15, with the 4 MSBs 
in register 1 3. With this configuration there is an extra bit for 
a data stream that is 12 bits long. As previously mentioned, 
there can be any number of extra bits between the device 
address and the function address. 

DATA TRANSFER ROUTINE 1 

This general purpose routine handles all the overhead ex- 
cept loading data into registers 13-15. It sends the data 
according to the conditions discussed above. The data will 
be lost at the conclusion of the routine. This routine con- 
sumes only 1 7 ROM memory locations. 


0UT1: 

LBI 

0,13 

;P0INT TO START OF DATA 
;W0RD 


SC 


;SET C TO ENABLE SK CLOCK 


OGI 

14 

; SELECT EXTERNAL DEVICE GO 
;= 0 


LEI 

8 

;ENABLE SHIFT REGISTER 
; OUTPUT 

SEND: 

LD 




XAS 


;DATA TRANSMISSION LOOP 


XIS 


; TURN-ON CLOCK 


JP 

SEND 



RC 




OGI 

15 

;DE- SELECT EXTERNAL 

DEVICE 


LEI 

0 

;SET SO TO 0 


RET 




DATA TRANSFER ROUTINE 2 

This routine performs the same function as routine 1 while 
preserving the contents of the data registers. This routine 
takes only 21 ROM memory locations. 


0UT1 : LBI 

0,13 

;P0INT TO START OF DATA 
;W0RD 

SC 


;SET C TO ENABLE SK CLOC 

OGI 

14 

; SELECT EXTERNAL DEVICE 
GO ;=0 

LEI 

8 

; ENABLE SHIFT REGISTER 
; OUTPUT 

JP 

SEND1 : XAS 

SEND2 


SEND2: LD 


;DATA TRANSMISSION LOOP 

XIS 


; TURN-ON CLOCK 

JP 

SEND1 


XAS 


;SEND LAST DATA 

RC 

CLRA 

NOP 


;WAIT 4 CYCLES - DATA 
;G0ING OUT 

XAS 


;TURN SK CLOCK OFF 

OGI 

15 

;DE-SELECT DEVICE 

LEI 

RET 

0 

;SET SO TO 0 
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Applications Information (Continued) 

f start 


set enable 
reset clock 


SETUP INITIAL CONDITIONS 
(clock "low", enable "high”) 


^resetenable^ 
/ set data / 

I 

/ set clock ! 


reset data 
reset clock 


ENABLE LMC1 992's MICROWIRE 
INTERFACE 


SELECT LMC1992 
WITH LEADING 
”10” ADDRESS 


| N: 

P 


ET 


output next 
function/data bit 



FUNCTION ADDRESS AND 
DATA WORD 
OUTPUT LOOP (9BITS) 


I yes 

^ set enable j 


- DISABLE LMC1 992's MICROWIRE 
INTERFACE 


FIGURE 6. General Data Transmission Flowchart to Send Serial Data 
to the LMC1 992’s MICROWIRE Compatible Digital Inputs 
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Part 

Number 

Description 

Precision 

Op Amp 

Input 

Referred 

Noise 

Voltage 


Slew 

Rate 

GBW 

PSRR 

Supply 

Range 

Single/ 

Dual/ 

Quad 

Package 

(Pin 

Count) 

LM833 

Dual Audio Amplifier 

4.5 nV/VRF 

0.002% 

7V//xs 

15 MHz 

100 dB 

± 18V 

Dual 

SO(8), 

Dip(8) 

LM837 



0.0015% 

lOV/jus 

25 MHz 

100 dB 

±18V 

Quad 

SO(14), 

Dip(14) 

LF347 

Wide Bandwidth 

JFET 

20 nV/VHz 

0.02% 

13V/ jus 

4 MHz 

100 dB 

±18V 

Quad 

Dip(14), 

SO(14) 

LF351 

Wide Bandwidth 

JFET 

25 nV/Jfiz 

0.02% 

13V//AS 

4 MHz 

100 dB 

±18V 

Single 

SO(8), 

Dip(8) 

LF353 

Dual LF351 

16nVA/Hz" 

0.02% 

13 V/ /as 

4 MHz 

100 dB 

±18V 

Dual 

SO(1 4), 
Dip(14) 

LF411 

Low Offset, Low Drift 
JFET 



15 V/ /as 

3 MHz 

100 dB 

±18V 

Single 

Dip(8) 

LF412 

Dual LF411 

25 nV/i/HF 



3 MHz 

100 dB 

± 18V 

Dual 

Dip(8) 

LF444 

Low Power JFET 

Quad 



IV/ /AS 

1 MHz 

100 dB 

+ 18V 

Quad 

Dip(14), 

SO(14) 

LM6142 

High-Speed/ Low 
Power Dual 



15V//as 

10 MHz 

87 dB 

+ 1.8 V to 24V 

Dual 

Dip(8), 

SO(8) 

LM6144 

High-Speed/ Low- 

Power Quad 

lenVA/Hz - 

0.03% 

15 V/ /as 

10 MHz 

87 dB 

+ 1.8V to 24V 

Quad 

Dip(14), 

SO(14) 
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National Semiconductor 


LM387/LM387A Low Noise Dual Preamplifier 


General Description 

The LM387 is a dual preamplifier for the amplification of low 
level signals in applications requiring optimum noise per- 
formance. Each of the two amplifiers is completely indepen- 
dent, with an internal power supply decoupler-regulator, pro- 
viding 1 10 dB supply rejection and 60 dB channel separa- 
tion. Other outstanding features include high gain (104 dB), 
large output voltage swing (Vcc ~ 2V)p-p, and wide power 
bandwidth (75 kHz, 20 Vp-p). The LM387A is a selected 
version of the LM387 that has lower noise in a NAB tape 
circuit, and can operate on a larger supply voltage. The 
LM387 operates from a single supply across the wide range 
of 9V to 30V, the LM387A operates on a supply of 9V to 
40V. 

The amplifiers are internally compensated for gains greater 
than 10. The LN387, LM387A is available in an 8-lead dual- 
in-line package. The LM387, LM387A is biased like the 
LM381. See AN-64 and AN-104. 


Features 

■ Low noise 1 .0 j nV total input noise 

■ High gain 104 dB open loop 

■ Single supply operation 

■ Wide supply range LM387 9 to 30V 

LM387A 9 to 40V 

■ Power supply rejection 110 dB 

■ Large output voltage swing (Vcc - 2V)p-p 

■ Wide bandwidth 15 MHz unity gain 

■ Power bandwidth 75 kHz, 20 Vp-p 

■ Internally compensated 

■ Short circuit protected 

■ Performance similar to LM381 


Schematic and Connection Diagrams 


Vcc 



Dual-In-Line Package 



Order Number LM387N or LM387AN 
See NS Package Number N08E 


Typical Applications 

14V 



TL/H/7845-3 

FIGURE 1. Flat Gain Circuit (Ay = 1000) 


14V 



TL/H/7845-4 

FIGURE 2. NAB Tape Circuit 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 

LM387 + 30V 

LM387A +40V 


Power Dissipation (Note 1) 

Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


1.5W 
0°C to + 70°C 
— 65°C to + 150°C 
260°C 


Electrical Characteristics Ta = 25°C, Vcc = 14V, unless otherwise stated 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Voltage Gain 

Open Loop, f = 1 00 Hz 


160,000 


V/V 

Supply Current 

LM387, V cc 9V-30V, R L = oo 


10 


mA 


LM387A, V CC 9V-40V, R L = oo 


10 


mA 

Input Resistance 






Positive Input 





kn 

Negative Input 





kft 

Input Current 

Negative Input 



0.5 


juA 

Output Resistance 

Open Loop 


150 


a 

Output Current 

Source 


8 


mA 


Sink 


2 


mA 

Output Voltage Swing 

Peak-to-Peak 


Vcc-2 


V 

Unity Gain Bandwidth 



15 


MHz 

Large Signal Frequency 

20 Vp-p (V C c > 24V), 


75 



Response 

THD <; 1% 



Maximum Input Voltage 

Linear Operation 





Supply Rejection Ratio 

f = 1 kHz 


110 


dB 

Input Referred 




Channel Separation 

f = 1 kHz 

40 

60 


dB 

Total Harmonic Distortion 

60 dB Gain, f = 1 kHz 


0.1 

0.5 

% 

Total Equivalent Input 

10 Hz- 10, 000 Hz 


1.0 

1.2 

jutVrms 

Noise (Flat Gain Cricuit) 

LM387 Figure 1 


Output Noise NAB Tape 

Unweighted 


400 

700 

juVrms 

Playback Circuit Gain of 37 dB 

LM387A Figure 2 



Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance 
of 80°C/W junction to ambient. 


Typical Applications (Continued) 

Two-Pole Fast Turn-ON NAB Tape Preamplifier 


24V 



Frequency Response of NAB 
Circuit of Figure 2 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


TL/H/7845-6 
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Typical Performance Characteristics 


Vccvslcc 



SUPPLY VOLTAGE (V) 


Gain and Phase Response 



1 10 100 Ik 10k 0.1 M 1M 10M 

FREQUENCY (Hi) 


Large Signal Frequency 
Response 



1kHz 10 kHz 100 kHz 1M 10M 100M 

FREQUENCY (Hz) 


PSRR vs Frequency 



Channel Separation 



10 100 1 kHz 10 kHz 100kHz 1MHz 

FREQUENCY (Hz) 


Distortion vs Frequency 
Non-Inverting Amplifier 
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20 50 100200 500 Ik 2k 5k 10k 20k 
FREQUENCY (Hz) 



10 100 Ik 10k 


frequency (Hz) 


I 

1 


Noise Current vs 
Frequency 


= 

!■■■■ 

Hill 

linn— 

IIIIINB 

iiiii 

■■■■i 
■ ■■■a 


■■ 

■■ 

■■ 

mm 

IIIIIIH 

■ III 

■ III 

mm 

ISSSSii! 

!■ 

■■ 

■1 

ma 

■ III 

mi 

llllimi 

lima 

illlllll 

linn 

i 

SI 

■■ 

mm 

11 

III! 

11 

III! 

s 

5 

■I 

■i 

II 

liiiS 

IIIH 

mm 

■iai 

■ill 

■III 

iiiiiaa 

lllll— 

mm 

■■■nili 

■■llllil 

lllllll 

■ 

II 

■ 

llll 

llllil 

111 


10 100 Ik 10k 


FREQUENCY (Hz) 


Distortion vs Frequency 
Inverting Amplifier 



20 50 100200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hz) 


TL/H/7845-7 
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LM 833 


& 


National Semiconductor 


LM833 Dual Audio Operational Amplifier 

General Description Features 

The LM833 is a dual general purpose operational amplifier 
designed with particular emphasis on performance in audio 
systems. 

This dual amplifier 1C utilizes new circuit and processing 
techniques to deliver low noise, high speed and wide band- 
width without increasing external components or decreasing 
stability. The LM833 is internally compensated for all closed 
loop gains and is therefore optimized for all preamp and 
high level stages in PCM and HiFi systems. 

The LM833 is pin-for-pin compatible with industry standard 
dual operational amplifiers. 


Wide dynamic range 

>140 dB 

Low input noise voltage 

4.5 nV/>/Hz 

High slew rate 

7 V/jas (typ) 
5 V/jlis (min) 

High gain bandwidth product 

15 MHz (typ) 
10 MHz (min) 

Wide power bandwidth 

120 kHz 

Low distortion 

0.002% 

Low offset voltage 

0.3 mV 

Large phase margin 

60° 


Schematic Diagram 0/2LM833) 


Connection Diagram 




See NS Package Number 
M08A or N08E 


PHONO 
CARTRIDGE 



A Weighted, V| N = 10 mV 
@ f = 1 kHz 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage Vcc~ v ee 36V 

Differential Input Voltage (Note 1 ) Vid ± 30V 

Input Voltage Range (Note 1 ) Vic ± 1 5V 

Power Dissipation (Note 2) Pp 500 mW 

Operating Temperature Range Tqpr -40 ~ 85°C 
Storage Temperature Range Tstg -60 — 150°C 


Soldering Information 
Dual-ln-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

ESD tolerance (Note 3) 1 600V 


DC Electrical Characteristics <t a = 25 °c, v s = ±isv) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

v OS 

Input Offset Voltage 

R s = ion 


0.3 

5 

mV 

tos 

Input Offset Current 



10 

200 

nA 

•b 

Input Bias Current 



500 

1000 

nA 

a v 

Voltage Gain 

R l = 2kn,V 0 = ± 10V 

90 

110 


dB 

VOM 

Output Voltage Swing 

r l = io kn 

±12 

±13.5 


V 



R l = 2 kfl 

±10 

±13.4 


V 

V CM 

Input Common-Mode Range 


±12 

±14.0 


V 

CMRR 

Common-Mode Rejection Ratio 

V| N = ± 12V 

80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 15 — 5 V, — 1 5 — — 5 V 

80 

100 


dB 

|q 

Supply Current 

Vq = 0V, Both Amps 


5 

8 

mA 


AC Electrical Characteristics <t a = 25 -c,v s = ±isv, r l == 2k<» 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

SR 

Slew Rate 

R L = 2 kn 

5 

7 


V/jus 

GBW 

Gain Bandwidth Product 

f = 100 kHz 

10 

15 


MHz 


Design Electrical Characteristics rr A = 25 °c, v s = ±isv> 

The following parameters are not tested or guaranteed. 

Symbol Parameter Conditior 

A Vos/ AT Average T emperature Coefficient 


Parameter 

Conditions 

Typ 

Units 

Average Temperature Coefficient 
of Input Offset Voltage 


2 

jjtV/°C 

Distortion 

R L = 2 ka, f = 20 — 20 kHz 

VoilT = 3 Vrms, Ay = 1 

0.002 

% 

Input Referred Noise Voltage 

R s = 100a,f = 1kHz 

4.5 

nV/VHz 

Input Referred Noise Current 

f = 1 kHz 

0.7 

pA/VHz 

Power Bandwidth 

Vo = 27 V pp , R L = 2 kH, THD ^ 1 % 

120 

kHz 

Unity Gain Frequency 

Open Loop 

9 

MHz 

Phase Margin 

Open Loop 

60 

deg 

Input Referred Cross Talk 

f = 20-20 kHz 

-120 

dB 


Note 1: If supply voltage is less than ± 15V, it is equal to supply voltage. 
Note 2: This is the permissible value at Ta ^ 85°C. 

Note 3: Human body model, 1.5 kft in series with 100 pF. 
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Typical Performance Characteristics (Continued) 




2 
— J 


Slew Rate vs 
Ambient Temperature 



TEMPERATURE (°C) 


Slew Rate vs 
Supply Voltage 



TL/H/5218-13 


TL/H/5218-14 


Maximum 
Output Voltage vs 



5 10 15 20 

SUPPLY VOLTAGE (±V) 

TL/H/5218-16 


Maximum 
Output Voltage vs 
Ambient Temperature 


| Vs=±15V 


— 



Rl = 

=10 k 

ft 







-R= 


— - 

-VOM 














































-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


TL/H/5218-17 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

TL/H/5218-15 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

TL/H/5218-18 


CMR vs Frequency 



FREQUENCY (Hz) 

TL/H/5218-19 


Distortion vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/5218-20 
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Typical Performance Characteristics (Continued) 


Spot Noise Voltage 
vs Frequency 




-LM833 -h 
“Ta=25°C 
_V S = ±15V 


100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/5218-21 


Spot Noise Current 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/5218-22 


Input Referred Noise Voltage 



1 . 1 ■■ " ■ ■ * ■■■ — ■ — ■ — ■ — ■ — — — — “ 
100 Ik 10k 100k 1M 


SOURCE RESISTANCE (O) 

TL/H/5218-23 


5 

1 

s 


s 

£ 


Noninverting Amp 



Noninverting Amp 



TIME (0.2 AtS/OIV) 

TL/H/5218-24 

Inverting Amp 



TIME (2 pS/DIV) 

TL/H/5218-25 


TIME (2 /*s/0IV) 


TL/H/5218-26 


Application Hints 

The LM833 is a high speed op amp with excellent phase 
margin and stability. Capacitive loads up to 50 pF will cause 
little change in the phase characteristics of the amplifiers 
and are therefore allowable. 


Capacitive loads greater than 50 pF must be isolated from 
the output. The most straightforward way to do this is to put 
a resistor in series with the output. This resistor will also 
prevent excess power dissipation if the output is accidental- 
ly shorted. 
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Noise Measurement Circuit 


Complete shielding is required to prevent induced pick up from external 
sources. Always check with oscilloscope for power line noise. 


+Vcc -Vee 



RtAA PREAMP FLAT AMP. 40 dB + 40 dB 

35 dB, f = 1 kHz 


TL/H/5218-27 


Total Gain: 115 dB @f = 1 kHz 
Input Referred Noise Voltage: e n = V0/560,000 (V) 


RIAA Preamp Voltage Gain, RIAA 
Deviation vs Frequency 



TL/H/5218-28 


Flat Amp Voltage Gain vs 


90 
80 

% 70 
1 60 
a 50 
o 40 
30 
20 

10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/5218-29 
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Typical Applications 



NAB Preamp 



Ay = 34.5 
F = 1 kHz 
E n = 0.38 jLtV 
A Weighted 


NAB Preamp Voltage Gain 
vs Frequency 



20 100 Ik 10k 20k 

FREQUENCY (Hz) 


Balanced to Single Ended 
Converter 


Adder/Subtracter 


Sine Wave Oscillator 




Vq = VI + V2 - V3 - V4 



750 

TL/H/5218-34 


Second Order High Pass Filter 
(Butterworth) 


Second Order Low Pass Filter 
(Butterworth) 


Cl I C2 
0.01 /tF I 0.01 ft 





R1 

R2 



V| 

10k 

jk**_ 

10k 




■ww- 

C2 1 

1/2 LM833^>— h 

►—Vo 



0.011 1— 





T p 


Cl - C2 = C 


if R1 = R2 = R 


R2 = 2*R1 

Illustration is fo = 1 kHz 


Illustration is fn = 1 kHz 
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Typical Applications (Continued) 


State Variable Filter 


R2 

10k 



Illustration is fo = 1 kHz, Q = 10, Agp = 1 


AC/ DC Converter 



TL/H/5218-38 


2 Channel Panning Circuit (Pan Pot) 


3.41R1 

51k 



Line Driver 

R2 
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LM837 Low Noise Quad Operational Amplifier 


General Description 

The LM837 is a quad operational amplifier designed for low 
noise, high speed and wide bandwidth performance. It has a 
new type of output stage which can drive a 60011 load, mak- 
ing it ideal for almost all digital audio, graphic equalizer, pre- 
amplifiers, and professional audio applications. Its high per- 
formance characteristics also make it suitable for instru- 
mentation applications where low noise is the key consider- 
ation. 

The LM837 is internally compensated for unity gain opera- 
tion. It is pin compatible with most other standard quad op 
amps and can therefore be used to upgrade existing sys- 
tems with little or no change. 


Features 


■ High slew rate 

10 V/jas (typ) 


8 V/jms (min) 

■ Wide gain bandwidth product 

25 MHz (typ) 


15 MHz (min) 

■ Power bandwidth 

200 kHz (typ) 

■ High output current 

±40 mA 

■ Excellent output drive performance 

>60011 

■ Low input noise voltage 

4.5 nVA/Hz 

■ Low total harmonic distortion 

0.0015% 

■ Low offset voltage 

0.3 mV 


Schematic and Connection Diagrams 


1/4 Quad 



DuaMn-Line Package 



TL/H/9047-2 

Top View 


Order Number LM837M or LM837N 
See NS Package Number M14A or 
N14A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 

Vcc/v E e 

± 18V 

Differential Input Voltage (Note 
Common Mode Input Voltage 

1) V, D 

± 30 V 

(Note 1) 

V|C 

±15V 

Power Dissipation (Note 2) 

Pd 

1.2W(N) 

830 mW (M) 

Operating Temperature Range 

Topr 

— 40°C to +85°C 

Storage Temperature Range 

T STG 

-60°C to 4- 150°C 


Soldering Information 
Dual-In-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (15 seconds) 220°C 

ESD rating is to be determined. 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


DC Electrical Characteristics t a = 25 c, v s = ±isv 


Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

Rg = 50ft 


0.3 

5 

mV 

•os 

Input Offset Current 



10 


nA 

•b 

Input Bias Current 



500 


nA 

Av 

Large Signal Voltage Gain 

R L = 2 kft, VoDt = ±10V 

90 

110 


dB 

VoM 

Output Voltage Swing 

R L = 2 kft 

±12 

±13.5 


V 

Rj_ = 600ft 




V 

VCM 

Common Mode Input Voltage 


KISil 



V 

CMRR 

Common Mode Rejection Ratio 

V| N = ± 12V 

80 

100 


dB 

PSRR 

Power Supply Rejection Ratio 

V s = 15 ~ 5, -15 5 

80 

100 


dB 

•s 

Power Supply Current 

R|_ = 00 » Four Amps 


10 

15 

mA 


AC Electrical Characteristics t a = 25 °c, v s = ±isv 


Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

SR . 

Slew Rate 

Rj_ = 600ft 

8 

10 


V/jLlS 

GBW 

Gain Bandwidth Product 

f = 100 kHz, R l = 600ft 

15 

25 


MHz 


Design Electrical Characteristics t a = 25 -c,v s = ±i5v<Note3) 


Symbol 

Parameter 

Condition 

Min 

Typ 

Max 

Units 

PBW 

Power Bandwidth 

V 0 == 25 Vp.p, R L = 600ft, THD < 1 % 


200 


kHz 

e n1 

Equivalent Input Noise Voltage 

JISA,R s = 100ft 


0.5 


pV 

®n2 

Equivalent Input Noise Voltage 

f = 1 kHz 


4.5 


nV/VRz 

■n 

Equivalent Input Noise Current 

f = 1 kHz 


0.7 


pA/VFE 

THD 

Total Harmonic Distortion 

Ay — 1, Vqut = 3 Vrms, 
f = 20 ~ 20 kHz, R l = 600ft 



■ 

% 

fu 

Zero Cross Frequency 

Open Loop 


12 


MHz 


Phase Margin 

Open Loop 


45 


deg 


Input-Referred Crosstalk 

f = 20 ~ 20 kHz 


-120 


dB 

AV 0S /AT 

Average TC of Input Offset Voltage 



2 


ju,V/°C 


Note 1: Unless otherwise specified the absolute maximum input voltage is equal to the power supply voltage. 

Note 2 : For operation at ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance, junction to ambient, as follows: LM837N, 90°C/W; LM837M, 150°C/W. 

Note 3: The following parameters are not tested or guaranteed. 
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LM837 



MAXIMUM OUTPUT VOLTAGE (V) NEGATIVE OUTPUT VOLTAGE (V) SUPPLY CURRENT (mA) MAXIMUM POWER DISSIPATION (W) 


Typical Performance Characteristics 


CO 




Maximum Power Dissipation vs Normalized Input Bias Current Normalized Input Bias Current 

Ambient Temperature vs Supply Voltage vs Ambient Temperature 



-50 -25 0 25 50 75 100 125 150 0 5 10 15 20 -50 -25 0 25 50 75 100 125 150 


TEMPERATURE (°C) SUPPLY VOLTAGE (±V) AMBIENT TEMPERATURE (°C) 
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Typical Performance Characteristics (Continued) 


Normalized Slew Rate & 
Gain Bandwidth vs 


Normalized Slew Rate & 

Gain Bandwidth (f = 100 kHz) 
vs Ambient Temperature 



10 5.0 IQjO 15D 2DD 

SUPPLY VOLTAGE (±V) 


-50 -25 0 25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 


Voltage Gain vs 
Supply Voltage 


T A =25°C 
















* 

— 
















5 10 15 

SUPPLY VOLTAGE (±V) 


Voltage Gain vs 
Ambient Temperature 


Power Supply Rejection 
vs Frequency 


CMRR vs Frequency 
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Typical Performance Characteristics (Continued) 


Small Signal, Non-Inverting 
T a = 25°C, A V = 1, R L = 600ft, V s = ± 15V 


Current Limit 

T a = 25°C, V s = ± 15V, R l = 100ft, Ay = 1 


ILli 


TIME (0.1 *is /DIV) 

TIME (0.1 ms/DIV) 

TL/H/9047-6 

TL/H/9047-7 

Large Signal Non-Inverting 

Large Signal Inverting 

T a = 25°C, Rl = 600ft, V s = ± 15V 

T a = 25°C, R l = 600ft, V s = + 15V 


TIME (1 ms/DIV) 


TIME (1 ms/DIV) 



TL/H/9047-8 ' 


TL/H/9047-9 
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National Semiconductor 

LM6142 Dual and LM6144 Quad 

High Speed/Low Power 17 MHz Rail-to-Rail 

Input-Output Operational Amplifiers 

General Description 

Using patent pending new circuit topologies, the 
LM61 42/44 provides new levels of performance in applica- 
tions where low voltage supplies or power limitations previ- 
ously made compromise necessary. Operating on supplies 
of 1 .8 V to over 24V, the LM61 42/44 is an excellent choice 
for battery operated systems, portable instrumentation and 
others. 

The greater than rail-to-rail input voltage range eliminates 
concern over exceeding the common-mode voltage range. 

The rail-to-rail output swing provides the maximum possible 
dynamic range at the output This is particularly important 
when operating on low supply voltages. 

High gain-bandwidth with 650 jaA/Amplifier supply current 
opens new battery powered applications where previous 
higher power consumption reduced battery life to unaccept- 
able levels. The ability to drive large capacitive loads with- 
out oscillating functionally removes this common problem. 


Connection Diagrams 


Ordering Information 


Package 

Temperature Range 

Temperature Range 

NSC 

Drawing 

Industrial 

— 40°C to +85°C 

Military 

— 55°C to +125°C 

8-Pin Molded DIP 

LM6142AIN, LM6142BIN 


N08E 

8-Pin Small Outline 

LM6142AIM, LM6142BIM 


M08A 

14-Pin Molded DIP 

LM6144AIN, LM6144BIN 


N14A 

14-Pin Small Outline 

LM6144AIM, LM6144BIM 


M14A 

8-Pin CDIP 


LM61 42AMJ/883 

D08C 


8-Pin CDIP 


8-Pin DIP/SO 



• OUT B 

■ - IN B 

■ + IN B 



■ OUT E 

■ - IN I 


TL/H/12057-14 


Top View 


Top View 


14-Pin DIP/SO 



Top View 


Features At Vg = 5V. Typ unless noted. 

■ Rail-to-rail input CMVR -0.25V to 5.25V 

■ Rail-to-rail output swing 0.005V to 4.995V 

■ Wide gain-bandwidth: 17 MHz at 50 kHz (typ) 

■ Slew rate: 

Small signal, 5V/ju,s 
Large signal, 30V/ jus 

■ Low supply current 650 jaA/Amplifier 

■ Wide supply range 1 .8 V to 24 V 

■ CMRR 107 dB 

■ Gain 108 dB with R|_ = 10k 

■ PSRR 87 dB 

Applications 

■ Battery operated instrumentation 

■ Depth sounders/fish finders 

■ Barcode scanners 

■ Wireless communications 

■ Rail-to-rail in-out instrumentation amps 
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LM6142/LM6144 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


ESD Tolerance (Note 2) 

Differential Input Voltage 
Voltage at Input/Output Pin 
Supply Voltage (V + - V") 

Current at Input Pin 
Current at Output Pin (Note 3) 

Current at Power Supply Pin 
Lead Temperature (soldering, 10 sec) 
Storage Temp. Range 
Junction Temperature (Note 4) 


2500V 

15V 

(V + ) + 0.3V, (V) - 0.3V 
35V 
±10 mA 
±25 mA 
50 mA 
260° C 

— 65°C to + 1 50°C 
150°C 


Operating Ratings (Note d 

Supply Voltage 1 .8V s V 4 s; 24V 


Junction Temperature Range 
LM6142, LM6144 -40°C <; T j ^ + 85°C 


Thermal Resistance (0ja) 

N Package, 8-Pin Molded DIP 11 5°C/W 

M Package, 8-Pin Surface Mount 1 93°C/W 

N Package, 1 4-Pin Molded DIP 81°C/W 

M Package, 1 4-Pin Surface Mount 1 26°C/W 


5.0V DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, V + = 5.0V, V = 0V, Vqm = Vo = V + /2 and R|_ > 1 Mft to 
V+/2. Boldface limits apply at the temperature extremes. 






LM6144AI 

LM6144BI 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6142AI 

Limit 

LM6142BI 

Limit 

Units 





(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 


0.3 

1.0 

2.5 

mV 





2.2 

3.3 

max 

TCVos 

Input Offset Voltage 
Average Drift 


3 



jnV/°C 

•b 

Input Bias Current 


170 

250 

300 

nA 

max 



0V ^ V C M £ 5V 

180 

280 






526 

526 


•os 

Input Offset Current 


3 

30 

30 

nA 





80 

80 

max 

Rin 

Input Resistance, Cm 


126 



Mft 

CMRR 

Common Mode 

0V £ V C M ^ 4V 

107 

84 

84 



Rejection Ratio 



78 

78 




0V <; V C M £ 5V 

82 

66 

66 

dB 




79 

64 

64 

min 

PSRR 

Power Supply 

5V ^ V+ ^ 24V 

87 

80 

80 



Rejection Ratio 



78 

78 


VcM 

Input Common-Mode 


-0.25 

O 

O 

V 


Voltage Range 


5.25 

5.0 

5.0 

Ay 

Large Signal 

o 

II 

_j 

cc 

270 

100 

80 

V/mV 


Voltage Gain 


70 

33 

25 

min 

v 0 

Output Swing 

R l = 100k 

0.005 



V 







max 




4.995 

4.98 

4.98 

V 





4.93 

4.93 

min 



R l = 10k 

0.02 



V max 




4.97 



V min 



R L = 2k 

0.06 



V 







max 




4.90 

4.86 

4.86 

V 





4.80 

4.80 

min 
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5.0V DC Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed forTj = 25°C, V + = 5.0V, V = 0V, Vcm = Vo ~ V + /2 and Rl > 1 Mfl 
to V+/2. Boldface limits apply at the temperature extremes. (Continued) 






LM6144AI 

LM6144BI 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6142AI 

Limit 

LM6142BI 

Limit 

Units 





(Note 6) 

(Note 6) 


•sc 

Output Short 

Sourcing 

13 

10 

8 

mA 


Circuit Current 



4.9 

4 

min 


LM6142 



35 

35 

i > 



Sinking 

24 

10 

10 

mA 





5.3 

5.3 

min 





35 

35 

mA 

max 

•sc 

Output Short 

Sourcing 

8 

6 

6 

mA 


Circuit Current 



3 

3 

min 


LM6144 



35 

35 

mA 

max 



Sinking 

22 

8 

8 

mA 





4 

4 

min 





35 

35 

mA 

max 

•s 

Supply Current 

Per Amplifier 

650 

800 

800 

jaA 





880 

880 

max 


5.0V AC Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed for Tj = 25°C, V + = 5.0V, V = 0V, Vcm = Vo = V + /2 and Rl > 1 Mfl 
to Vs/2. Boldface limits apply at the temperature extremes. 






LM6144AI 

LM6144BI 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6142AI 

Limit 

LM6142BI 

Limit 

Units 





(Note 6) 

(Note 6) 


SR 

Slew Rate 

8V p .p@Vcc12V 

25 

15 

13 

V//AS 



R s > 1 kfl 


13 

11 

min 

GBW 

Gain-Bandwidth Product 

f = 50 kHz 

17 

10 

10 

MHz 





6 

6 

min 


Phase Margin 


38 



Deg 


Amp-to-Amp Isolation 


130 



dB 

e n 

Input-Referred 

Voltage Noise 

f = 1 kHz 

16 



nV 

/Hz 

in 

Input-Referred 

Current Noise 

f = 1 kHz 

0.22 



pA 

/Hz 

T.H.D. 

Total Harmonic Distortion 

f = 10 kHz, R L = 10kft, 

0.003 



% 
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2.7V DC Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed for Tj = 25°C, V + = 2.7V, V = OV, Vcm = Vo = V + /2 and Rl > 1 Mfl 
to V+/2. Boldface limits apply at the temperature extreme 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6144AI 

LM6142AI 

Limit 
(Note 6) 

LM6144BI 

LM6142BI 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


0.4 

1.8 

4.3 


mV 

max 

•b 

Input Bias Current 


150 

250 

526 



los 

Input Offset Current 


4 

30 

80 

30 

80 

nA 

max 

Rin 

Input Resistance 


128 



MH 

CMRR 

Common Mode 
Rejection Ratio 


90 



dB 

min 


76 



PSRR 

Power Supply 

Rejection Ratio 

3V £ V + <; 5V 

79 



VCM 

Input Common-Mode 
Voltage Range 


-0.25 

0 

0 

V min 


2.95 

r»» 

cvi 

2.7 

V max 

A V 

Large Signal 

Voltage Gain 

R|_ = 10k 

55 



V/mV 

min 

Vo 

Output Swing 

r l = io kn 

0.019 

0.08 

0.112 

0.08 

0.112 

V 

max 

2.67 


2.66 

2.25 


is 

Supply Current 

Per Amplifier 

510 

800 

880 

800 

880 

ju,A 

max 

2.7V AC Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed for Tj = 25°C, V + = 2.7 V, V = OV, Vcm = Vo = V + /2 and Rl > 1 Mil 
to V+/2. Boldface limits apply at the temperature extreme 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6144AI 

LM6142AI 

Limit 
(Note 6) 

LM6144BI 

LM6142BI 

Limit 
(Note 6) 

Units 

GBW 

Gain-Bandwidth Product 

f = 50 kHz 

9 



MHz 


Phase Margin 


36 



Deg 

Gm 

Gain Margin 


6 



dB 
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24V Electrical Characteristics 

Unless Otherwise Specified, All Limits Guaranteed for Tj = 25°C, V + - 24V, V = OV, Vqm = Vo = V + /2 and R(_ > 1 Mil 
to Vg/2. Boldface limits apply at the temperature extreme 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6144AI 

LM6142AI 
Limit 
(Note 6) 

LM6144BI 

LM6142BI 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


1.3 

2 

4.8 

3.8 

4.8 

mV 

max 

•b 

Input Bias Current 


174 



nA 

max 

•os 

Input Offset Current 


5 



nA 

max 

Rin 

Input Resistance 


288 



MH 

CMRR 

Common Mode 

Rejection Ratio 

0V ^ V C M ^ 23V 

114 



dB 

min 

0V ^ V CM £ 24V 

100 



PSRR 

Power Supply 

Rejection Ratio 

0V ^ V CM ^ 24V 

87 



VcM 

Input Common-Mode 
Voltage Range 


HB39I 

0 

0 

V min 

hbebi 

24 

24 

V max 

A V 

Large Signal 

Voltage Gain 

R l = 10k 

500 




v 0 

Output Swing 

R l = 10 kn 

0.07 

0.15 

0.185 

0.15 

0.185 

V 

max 

23.85 

23.81 

23.62 

23.81 

23.62 

V 

min 

•s 

Supply Current 

Per Amplifier 

750 

1100 

1150 

1100 

1150 

ju,A 

max 

GBW 

Gain-Bandwidth Product 

f = 50 kHz 

18 



MHz 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Charactenstics. 
Note 2: Human body model, 1.5 kft in series with 100 pF. 

Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 150°C. 

Note 4: The maximum power dissipation is a function of Tj(max). #ja. and Ta- The maximum allowable power dissipation at any ambient temperature is Pq = 
(Tj(max) _ Ta)/0ja- AI1 numbers apply/ for packages soldered directly into a PC board. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: For guaranteed military specifications see military datasheet MNLM6142AM-X. 
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Typical Performance Characteristics Ta = 25°C, Rl = 10 kH Unless Otherwise Specified 


Supply Current vs 



SUPPLY VOLTAGE (V) 



0 4 8 12 16 20 24 28 32 36 

SUPPLY VOLTAGE (V) 


Bias Current vs 



SUPPLY VOLTAGE (V) 


Offset Voltage vs Vqm 
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COMMON MODE VOLTAGE (V) 


Open-Loop Transfer 
Function 
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OUTPUT VOLTAGE (V) 
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Open-Loop Transfer 
Function 
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OUTPUT VOLTAGE (V) 


Bias Current vs Vqm 



COMMON MODE VOLTAGE (V) 


Open-Loop Transfer 
Function 
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OUTPUT VOLTAGE (V) 

TL/H/12057-3 
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SOURCE CURRENT (mA) 


Typical Performance Characteristics 

Ta = 25°C, Rl = 10 kfl Unless Otherwise Specified (Continued) 


Output Voltage vs 
Source Current 



OUTPUT SWING FROM V+ (mV) 


Output Voltage vs 
Source Current 


OUTPUT SWING FROM V+ (mV) 


Output Voltage vs 
Source Current 
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OUTPUT SWING FROM V+ (mV) 


Output Voltage vs 
Sink Current 
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Sink Current 
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Typical Performance Characteristics 

Ta = 25°C, R[_ = 10 kfl Unless Otherwise Specified (Continued) 


Open Loop Gain vs 
Load, 3 V Supply 


Open Loop Gain vs 
Load, 5V Supply 


Open Loop Gain vs 
Load, 24V Supply 
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Unity Gain Freq vs V$ 
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LM6 142/44 Application Ideas 

The LM6142 brings a new level of ease of use to opamp 
system design. 

With greater than rail-to-rail input voltage range concern 
over exceeding the common-mode voltage range is elimi- 
nated. 

Rail-to-rail output swing provides the maximum possible dy- 
namic range at the output. This is particularly important 
when operating on low supply voltages. 

The high gain-bandwidth with low supply current opens new 
battery powered applications, where high power consump- 
tion, previously reduced battery life to unacceptable levels. 
To take advantage of these features, some ideas should be 
kept in mind. 

ENHANCED SLEW RATE 

Unlike most bipolar opamps, the unique phase reversal pre- 
vention/speed-up circuit in the input stage causes the slew 
rate to be very much a function of the input signal amplitude. 
Figure 1 shows how excess input signal, is routed around 
the input collector-base junctions, directly to the current mir- 
rors. 

The LM61 42/44 input stage converts the input voltage 
change to a current change. This current change drives the 
current mirrors through the collectors of Q1-Q2, Q3-Q4 
when the input levels are normal. 

If the input signal exceeds the slew rate of the input stage, 
the differential input voltage rises above two diode drops. 
This excess signal bypasses the normal input transistors, 
(Q1-Q4), and is routed in correct phase through the two 
additional transistors, (Q5, Q6), directly into the current mir- 
rors. 

This rerouting of excess signal allows the slew-rate to in- 
crease by a factor of 10 to 1 or more. (See Figure 2.) 

As the overdrive increases, the opamp reacts better than a 
conventional opamp. Large fast pulses will raise the slew- 
rate to around 30V to 60V/ju,s. 


Slew Rate vs A Vin 
V S = ±5V 
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DIFFERENTIAL INPUT VOLTAGE, (V) 

TL/H/ 12057-7 

FIGURE 2 

This effect is most noticeable at higher supply voltages and 
lower gains where incoming signals are likely to be large. 
This new input circuit also eliminates the phase reversal 
seen in many opamps when they are overdriven. 

This speed-up action adds stability to the system when driv- 
ing large capacitive loads. 

DRIVING CAPACITIVE LOADS 

Capacitive loads decrease the phase margin of all opamps. 
This is caused by the output resistance of the amplifier and 
the load capacitance forming an R-C phase lag network. 
This can lead to overshoot, ringing and oscillation. Slew rate 
limiting can also cause additional lag. Most opamps with a 
fixed maximum slew-rate will lag further and further behind 
when driving capacitive loads even though the differential 
input voltage raises. With the LM6142, the jag causes the 
slew rate to raise. The increased slew-rate keeps the output 
following the input much better. This effectively reduces 
phase lag. After the output has caught up with the input, the 
differential input voltage drops down and the amplifier set- 
tles rapidly. 
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LM6142/44 Application Ideas 

(Continued) 

These features allow the LM6142 to drive capacitive loads 
as large as 1000 pF at unity gain and not oscillate. The 
scope photos {Figure 3a and 3b) above show the LM6142 
driving a 1000 pF load. In Figure 3a, the upper trace is with 
no capacitive load and the lower trace is with a 1000 pF 
load. Here we are operating on ± 1 2V supplies with a 20 
Vp-p pulse. Excellent response is obtained with a Cf of 
10 pF. In Figure 3b, the supplies have been reduced to 
± 2.5V, the pulse is 4 Vp-p and Cf is 39 pF. The best value 
for the compensation capacitor is best established after the 
board layout is finished because the value is dependent on 
board stray capacity, the value of the feedback resistor, the 
closed loop gain and, to some extent, the supply voltage. 
Another effect that is common to all opamps is the phase 
shift caused by the feedback resistor and the input capaci- 
tance. This phase shift also reduces phase margin. This ef- 
fect is taken care of at the same time as the effect of the 
capacitive load when the capacitor is placed across the 
feedback resistor. 

The circuit shown in Figure 4 was used for these scope 
photos. 



TL/H/1 2057-8 

FIGURE 3a 



TL/H/1 2057-9 

FIGURE 3b 


Cf 



FIGURE 4 


Typical Applications 

FISH FINDER/ DEPTH SOUNDER. 

The LM61 42/44 is an excellent choice for battery operated 
fish finders. The low supply current, high gain-bandwidth 
and full rail to rail output swing of the LM6142 provides an 
ideal combination for use in this and similar applications. 

ANALOG TO DIGITAL CONVERTER BUFFER 

The high capacitive load driving ability, rail-to-rail input and 
output range with the excellent CMR of 82 dB, make the 
LM61 42/44 a good choice for buffering the inputs of A to D 
converters. 

3 OPAMP INSTRUMENTATION AMP WITH RAIL-TO- 
RAIL INPUT AND OUTPUT 

Using the LM6144, a 3 opamp instrumentation amplifier with 
rail-to-rail inputs and rail to rail output can be made. These 
features make these instrumentation amplifiers ideal for sin- 
gle supply systems. 

Some manufacturers use a precision voltage divider array of 
5 resistors to divide the common-mode voltage to get an 
input range of rail-to-rail or greater. The problem with this 
method is that it also divides the signal, so to even get unity 
gain, the amplifier must be run at high closed loop gains. 
This raises the noise and drift by the internal gain factor and 
lowers the input impedance. Any mismatch in these preci- 
sion resistors reduces the CMR as well. Using the LM6144, 
all of these problems are eliminated. 

In this example, amplifiers A and B act as buffers to the 
differential stage (Figure 5). These buffers assure that the 
input impedance is over 100 MH and they eliminate the 
requirement for precision matched resistors in the input 
stage. They also assure that the difference amp is driven 
from a voltage source. This is necessary to maintain the 
CMR set by the matching of R1-R2 with R3-R4. 



TL/H/12057-13 

FIGURE 5 
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The gain is set by the ratio of R2/R1 and R3 should equal 
R1 and R4 equal R2. Making R4 slightly smaller than R2 
and adding a trim pot equal to twice the difference between 
R2 and R4 will allow the CMR to be adjusted for optimum. 
With both rail to rail input and output ranges, the inputs and 
outputs are only limited by the supply voltages. Remember 
that even with rail-to-rail output, the output can not swing 


past the supplies so the combined common mode voltage 
plus the signal should not be greater than the supplies or 
limiting will occur. 

SPICE MACROMODEL 

A SPICE macromodel of this and many other National Semi- 
conductor opamps is available at no charge from the NSC 
Customer Response Group at 800-272-9959. 
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Audio Noise Reduction Selection Guide 
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Audio Noise Reduction 
Selection Guide 




NR 

Encoding 

Single/ 

Decode 

Supply 

Package 


I 

Effect 

Required 

Dual 

S/N 

Range 

(Pin Count) 

LM1131 

■23391 

10 dB 

Yes 

Dual 

— 

5V to 20V 

Dip(1 8) 

LM1894 


12 dB 

No 


WEEM 

4.5V to 18V 

Dip(1 4), SO(14) 
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tv National Semiconductor 

LM1131A/LM1131B/LM1131C 

Dual Dolby® B-Type Noise Reduction Processor 


General Description ■ Wide su pp'v volta 9 e range, 5V - 20V 

^ ■ r... . A „ ■ Very high signal/noise ratio, 79 dB encode, 90 dB de- 

The LM1131 is a monolithic integrated circuit specifically coc | e (cciR/ARM) 

designed to realize the Dolby B-Type noise reduction sys- w \ * .. . * « . 

tem 7 ■ Very close gain matching for 3-head recorders 

t , , ■ Close matching to standard Dolby characteristics 

The circuit includes two completely separate noise reduc- _ w , . . . _ , . 

tion processors and will operate in both encode and decode ■ Very low temperature drrft of Dolby characteristics 
modes. It is ideal for stereo applications in compact equip- " High si 9 na| handling capability, > +20 dB (V§ 20V) 

ment or for mono applications in 3-head equipment where ■ Full-wave rectifier in both channels 

two processors with very closely matched internal gains are ■ Operates with both single and split supply voltages 
required. ■ Excellent transient response characteristics 

■ Minimal input switch-on transients 

Features ■ Reduced number of external components per channel 

■ Stereo Dolby noise reduction with one 1C ■ Improved input protection 

Available to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application information must be obtained. 


Schematic Diagram (1 channel shown only) 
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LM1 131 A/LM1 131B/LM1 131C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 24V 

Operating T emperature Range - 20°C to + 70°C 

Storage T emperature Range - 65°C to + 1 50°C 


Soldering Information 
Dual-ln-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

I nf rared ( 1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics 

Vs = 12V, T a = 25°C unless otherwise specified. 0 dB refers to Dolby level and is 580 mV, measured at TP1 and TP2. 


Parameter 

Conditions 

LM1131A 

LM1131B 

LM1131C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 




Supply Voltage Range 


5 



5 



mm 


20 

V 

Supply Current 








mm 



mA 

Voltage Gain 




wm 






m 


(Pins 7-10 and 14-11) 

1 kHz Decode 

19.2 

19.7 


18.7 

19.7 

20.7 

18.2 

19.7 


dB 

(Pins 10-9 and 11-12) 

1 kHz Decode 

-0.5 

0 


-0.5 

0 

0.5 

-1.0 

0 

19 

dB 

Difference in Voltage 

1 kHz Noise 

-0.2 

0 


-0.5 

0 


-1.0 

0 

mm 

dB 

Gain between Channels 

Reduction OFF 











Crosstalk between 
Channels 

1 kHz, 0 dB 

-60 

-90 







m 

dB 

Signal/Noise Ratio 
at Pins 9 and 12 

(Note 1) 











Encode 

R s = 10 kn 

77 

79 


75.5 

79 


74 

79 


dB 


R s = 1 kft 


82 



82 



82 


dB 

Decode 

R s = 10 kn 


90 



90 



90 


dB 


Rs = 1 kft 


92 



92 



92 


dB 

Encode Characteristics 

1 0 kHz, 0 dB 

0 

0.5 

1.0 

0.2 

0.5 

1.2 

-0.5 

0.5 

1.5 

dB 


1.3 kHz, -20 dB 

-16.2 

-15.7 

-15.2 

-16.7 

-15.7 

-14.7 

-17.2 

-15.7 

-14.2 

dB 


5 kHz, -20 dB 

-17.3 

-16.8 

-16.3 

-17.8 

-16.8 

-15.8 

-18.3 

-16.8 

-15.3 

dB 


3 kHz, -30 dB 

-21.7 

-21.2 

-20.7 

-22.2 

-21.2 

-20.2 

-22.7 

-21.2 

-19.7 

dB 


5 kHz, -30 dB 

-22.3 

-21.8 

-23.0 

-22.8 

-21.8 

-20.8 

-23.3 

-21.8 

-20.3 

dB 


10 kHz, -40 dB 

-30.1 

-29.6 

-29.1 

-30.3 

-29.6 

-28.9 

-30.6 

-29.6 

-28.6 

dB 

Variation in Encode 
Characteristics 


■ 










Temperature 

0°C-70°C 


<±0.5 



<±0.5 



<±0.5 


dB 

Voltage 

5V-20V 


<±0.2 



<±0.2 



<±0.2 


dB 

Distortion 

1 kHz, 0 dB 


0.03 

0.1 


0.03 



0.03 

0.2 

% 


10 kHz, 10 dB 


0.2 



0.2 



0.2 


% 

Signal Handling 

1 kHz, Dist = 0.3% 
V s — 5V 



■ 


6.5 



6.5 

■ 

dB 


V S = 7V 


10.5 



10.5 



10.5 


dB 


V s = 12V 

14.0 

16.0 

■ 

14.0 

16.0 


14.0 

16.0 

■ ■ 

dB 


V s = 20V 


21.0 



21.0 



21.0 

1 

dB 

Input Resistance 

Pins 7 and 14 

45 

65 

80 


65 

80 

45 

m 

80 

kft 

Output Resistance 

Pins 9 and 12 

MBS 

30 

55 

WBS/k 


55 






Pins 10 and 11 

I 

30 

55 

■ 

30 

55 






Note 1: Gaussian noise, measured over a period of 50 ms per channel, with a CCIR filter referenced to 2 kHz and an average-responding meter. 
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LM1 131 A/LM1 131B/LM1 131C 



Application Notes 

SUPPLY VOLTAGE 

LM1131 may operate with either single or split supply volt- 
ages. 

Single Supply Voltage 

Pin 1 is connected to ground, pin 20 to V$. 

Pins 8 and 13 are internally generated reference voltages 
set to approximately half-supply. They should be connected 
together externally. 

A 220 jaF capacitor must be connected between pins 8 and 
13 and ground. Device turn-on time is delayed by the rise 
time of pins 8 and 13. 

Split Supply Voltages 

Pin 1 is connected to the negative supply, pin 20 to the 
positive supply. Pins 8 and 13 are connected to 0V and no 
capacitor is required. Device turn-on time is delayed only by 
the rise times of the supply voltages. 

SIGNAL GAIN AND FILTERING 

It should be noted that LM1131 has only one internal pre- 
amplifier, AB, with no provision for interconnection of a low 
pass filter to remove bias or multiplex tones. In addition, 
main chain gain has been reduced by 6 dB in comparison 
with LM1112/LM1011. 

If a low pass filter is required it should be connected at the 
input of the LM1131. Pre-adjustment of Dolby input level 
may then be performed, at the input of LM1 131 if required. 


NOISE REDUCTION SWITCH 

Noise reduction OFF is normally effected by means of a 
mechanical switch which open-circuits the sidechain input. 
An alternative method which permits the control of NR OFF 
by means of a DC voltage is shown in Figure 1. The DC 
control voltage forces the internal impedance to a minimum 
value and heavily attenuates the sidechain input. When us- 
ing this circuit the following points should be noted: 

a) Signal boost in encode mode (signal cut in decode) is 
reduced by increasing DC voltages on pins 3 and 18. A 
voltage of approximately 3V above signal ground is ade- 
quate to achieve NR OFF. 

b) Supply current may be increased significantly by high pin 
3/18 forcing voltages. Thus, values for V3 and R3 should 
ideally be chosen such that pin 3/18 forced voltage is 
only 3V-5V greater than signal ground. Maximum per- 
missible voltage on pin 3/18 is equal to supply voltage. 

c) When electrical NR switching is used in this way, NR OFF 
signal level is slightly affected by the restriction that the 
internal variable impedance cannot achieve zero imped- 
ance. Thus, at 10 kHz- 10 dB, a residual boost in encode 
(or cut in decode) of approximately 0.4 dB remains. At 
low frequencies this value reduces to insignificant levels. 
This is not the case for mechanical NR switching. 



TL/H/6858-5 

FIGURE 1. LM1131 Decode Processor with Electrical NR Switch (1 Channel Shown) 
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Test Circuit Encode Mode (components shown for channel 1 only) 


20l 191 18l 17l 161 151 141 131 121 Di 


H- 



^>J 

i 

HU 



rd 

m- 




“T” r- -t 3 “ to. 


Dolby B-Type Integrated Circuit , 
National LM1131 1 


0.047X m+T . C303 

270K 5% T r3Q2j C309 l 47 <»pF ! 

~R304~ C304 5%^ 10/15 T 1% l 

47K > > 

O'! ±0.33 R301 > . 

C306 C307 ?K3 5 ; 


{ Signal 

| Ground 

20/15 + 
-C202T 

V- 


Note 1: Where not otherwise speci- 
fied component tolerances are 
± 10 % 

Note 2: For LM1131AN use 2% 
components for C304, R303, R305. 
(5% components may cause errors 
up to ± 0.3 dB). 


Connection Diagram 


NEGATIVE SUPPLY 


RECTIFIER OUTPUT 


VARIABLE IMPEDANCE 
CONTROL 
AMPLIFIER D 
FEEDBACK DECOUPLING 

SIDECHAIN INPUT _L 

AMPLIFIER AB 7 
INPUT 

SIGNAL GROUND _L 

AMPLIFIER EK * 
OUTPUT 

MONITOR OUTPUT — 


Dual-In-Line and Small Outline Packages 

ciiddiv 1 I 1 20 nnemu 


ZL POSITIVE SUPPLY 
2L DECOUPLING 

J!L RECTIFIER OUTPUT 

17 VARIABLE IMPEDANCE 

— CONTROL 

16 AMPLIFIER D 

FEEDBACK DECOUPLING 

~ SIDECHAIN INPUT 

14 AMPLIFIER AB 
INPUT 

— SIGNAL GROUND 

12 AMPLIFIER EK 
OUTPUT 

— MONITOR OUTPUT 


Order Number LM1131AN, LM1131BN, LM1131CM or LM1131CN 
See NS Package Number M20B or N20A 
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LM1894 



National Semico 


ndu ctor 


LM1894 Dynamic Noise Reduction System DNR® 


General Description 

The LM1894 is a stereo noise reduction circuit for use with 
audio playback systems. The DNR system is non-comple- 
mentary, meaning it does not require encoded source mate- 
rial. The system is compatible with virtually all prerecorded 
tapes and FM broadcasts. Psychoacoustic masking, and an 
adaptive bandwidth scheme allow the DNR to achieve 10 
dB of noise reduction. DNR can save circuit board space 
and cost because of the few additional components re- 
quired. 

Features 

■ Non-complementary noise reduction, “single ended” 

■ Low cost external components, no critical matching 


■ Compatible with all prerecorded tapes and FM 

■ 10 dB effective tape noise reduction CCIR/ARM 
weighted 

■ Wide supply range, 4.5V to 18V 

■ 1 Vrms input overload 

Applications 

■ Automotive radio/tape players 

■ Compact portable tape players 

■ Quality HI-FI tape systems 

■ VCR playback noise reduction 

■ Video disc playback noise reduction 


Typical Application 


Cli 

ImF 



TO VOLUME 
CONTROL AND 
POWER AMPLIFIERS 


See Application Hints. 


TL/H/7918-1 


FIGURE 1. Component Hook-Up for Stereo DNR System 


Order Number LM 1 894M or LM 1 894N 
See NS Package Number M14A or N14A 
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Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales Dual-In-Line Package 



Office/Distributors for availability and specifications. 

Soldering (10 seconds) 


260°C 

Supply Voltage 

20V Small Outline Package 



Input Voltage Range, V D t< 

V s /2 

Vapor Phase (60 seconds) 


215°C 

Operating T emperature (Note 1 ) 0°C to + 70°C 

Infrared (1 5 seconds) 


220°C 

Storage Temperature 

-65°Cto +150°C See AN " 450 “Surface Mounting Methods and Their Effect 

on Product Reliability” for other methods of soldering sur- 


face mount devices. 



Electrical Characteristics 





Vs = 8V, Ta = 25°C, V|n = 300 mV at 1 kHz, circuit shown in Figure 1 unless otherwise specified 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Operating Supply Range 


4.5 

8 

18 

V 

Supply Current 

> 

00 

II 

CO 

> 


17 

30 

mA 

MAIN SIGNAL PATH 

Voltage Gain 

DC Ground Pin 9, Note 2 

-0.9 

-1 

-1.1 


DC Output Voltage 


3.7 

4.0 

4.3 

jpriii 

Channel Balance 

DC Ground Pin 9 

-1.0 


1.0 

dB 

Minimum Balance 

AC Ground Pin 9 with 0.1 jaF 
Capacitor, Note 2 


965 

1400 

Hz 

Maximum Bandwidth 

DC Ground Pin 9, Note 2 

27 

34 

46 

kHz 

Effective Noise Reduction 

CCIR/ARM Weighted, Note 3 


-10 

-14 

dB 

Total Harmonic Distortion 

DC Ground Pin 9 


0.05 

0.1 

% 

Input Headroom 

Maximum V|n for 3% THD 

AC Ground Pin 9 


1.0 



Output Headroom 

Maximum Vout for 3% THD 

DC Ground Pin 9 


V S - 1.5 


Vp-p 

Signal to Noise 

BW = 20 Hz-20 kHz, re 300 mV 






AC Ground Pin 9 


79 


dB 


DC Ground Pin 9 

CCIR/ARM Weighted re 300 mV 
Note 4 


77 


dB 


AC Ground Pin 9 

82 

88 


dB 


DC Ground Pin 9 

CCIR Peak, re 300 mV, Note 5 

70 

76 


dB 


AC Ground Pin 9 


77 


dB 


DC Ground Pin 9 


64 


dB 

Input Impedance 

Pin 2 and Pin 13 

14 

20 

26 

kft 

Channel Separation 

DC Ground Pin 9 

-50 

-70 


dB 

Power Supply Rejection 

C14 = 100 jllF, 

Vripple — 500 mVrms, 
f = 1 kHz 

-40 

-56 


dB 

Output DC Shift 

Reference DVM to Pin 1 4 and 
Measuree Output DC Shift from 
Minimum to Maximum Band- 
width, Note 6. 


4.0 

20 

mV 
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Electrical Characteristics 

Vs = 8V, Ta = 25°C, V||sj = 300 mV at 1 kHz, circuit shown in Figure 1 unless otherwise specified (Continued) 

Parameter " 1 ~ Conditions Min I Typ I Ma 


CONTROL SIGNAL PATH 


Summing Amplifier Voltage Gain 


Gain Amplifier Input Impedance 
Voltage Gain 


Peak Detector Input Impedance 


Voltage Gain 


Attack Time 


Deday Time 

DC Voltage Range 


Both Channels Driven 


Pin 6 

Pin 6 to Pin 8 


Pin 9 


Pin 9 to Pin 10 


Measured to 90% of Final Value 
with 10 kHz Tone Burst 
Measured to 90% of Final Value 
with 10 kHz Tone Burst 
Minimum Bandwidth to Maximum 
Bandwidth 



Note 1: For operation in ambient temperature above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance 
of 1) 80°C/W junction to ambient for the dual-in-line package, and 2) 105°C/W junction to ambient for the small outline package. 

Note 2: To force the DNR system into maximum bandwidth, DC ground the input to the peak detector, pin 9. A negative temperature coefficient of -0.5%/°C on 
the bandwidth, reduces the maximum bandwidth at increased ambient temperature or higher package dissipation. AC ground pin 9 or pin 6 tp select minimum 
bandwidth. To change minimum and maximum bandwidth, see Appliction Hints. 

Note 3: The maximum noise reduction CCIR/ARM weighted is about 14 dB. This is accomplished by changing the bandwidth from maximum to minimum. In actual 
operation, minimum bandwidth is not selected, a nominal minimum bandwidth of about 2 kHz gives -10 dB of noise reduction. See Application Hints. 

Note 4: The CCIR/ARM weighted noise is measured with a 40 dB gain amplifier between the DNR system and the CCIR weighting filter; it is then input referred. 
Note 5: Measured using the Rhode-Schwartz psophometer. 

Note 6: Pin 10 is DC forced half way between the maximum bandwidth DC level and minimum bandwidth DC level. An AC 1 kHz signal is then applied to pin 10. jts 
peak-to-peak amplitude is Vqc (max BW) - Vqc (min BW). 


Typical Performance Characteristics 


Supply Current vs 
Supply Voltage 



8 12 16 20 
SUPPLY VOLTAGE (V) 


Channel Separation 
(Referred to the Output) 
vs Frequency 


h FULL BW 
MINIMUM BW 


t0 _C14- 106 jiF 

V|N “ 1 Vrms 

0 L — i.i inn — 
10 100 


Power Supply Rejection 
Ratio (Referred to the 
Output) vs Frequency 


VRIPPLE-IVriro 
NOMINAL BW - 
R S «0J2 


100 Ik 

FREQUENCY (Hz) 


THD vs Frequency 


-3dB Bandwidth 
vs Frequency and 
Control Signal 


Gain of Control Path 
vs Frequency (with 
10 kHz FM Pilot Filter) 


I FULL BANDWIDTH 
| V,u * 300 mV " 


































Typical Performance Characteristics (Continued) 


Main Signal Path 
Bandwidth vs 
Voltage Control 


■mini 


Ill 

■III 

■limn 


III 

■II 

■mini 


III 

■II 

■■Him 


III 

HI 

■limn 


III 

■II 

■■nun 


III 

■111 

niinii 


III 

■ r JI 

niinii 


mi 

WMl 

■■Hill. 


llll 

'Ail 

iniiiiiiiH! 

Kiilllinilllll 


Peak Detector Response 


PEAK 

DETECTOR 

OUTPUT 



TIME: 20 ms/DIV 


Output Response 






TIME: 20 ms/DIV 


TL/H/7918-5 

External Component Guide (Figure i> 




Component 

Value 

Purpose 

Component 

Value 

Purpose 

Cl 

0.1 juF- 

May be part of power 

C4, Cl 1 

1 juF 

Output coupling capacitor. Output 


100 ju,F 

supply, or may be add- 



is at DC potential of Vs/2. 



ed to suppress power 

C5 

0.1 juF 

Works with R1 and R2 to attenu- 



supply oscillation. 



ate low frequency transients 

C2, Cl 3 

1 jmF 

Blocks DC, pin 2 and 



which could disturb control path 


0.0033 ju,F 


pin 13 are at DC po- 
tential of Vs/2. C2, 
Cl 3 form a low fre- 
quency pole with 20k 
RlN- 

fL = 2ir C2 R| N 
Improves power sup- 
ply rejection. 

Forms integrator with 
internal gm block and 
op amp. Sets band- 
width conversion gain 
of 33 Hz/jutA of gm 
current. 


operation. 

* 5 ~ 2 tt C5 (R1 + R2) = 16 kHZ 
0.001 jxF Works with input resistance of pin 
6 to form part of control path fre- 
quency weighting. 

f 6 = „ 7~~~T 5.3 kHz 

27rC6R1p||sj0 

0.1 ju-F Combined with L8 and Cl forms 
1 9 kHz filter for FM pilot. This is 
only required in FM applications 
(Note 1). 
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LM1894 


External Component Guide (Figure 1) 

(Continued) 


Component 

L8, C L 

Value 

4.7 mH, 
0.015 jmF 

Purpose 

Forms 1 9 kHz filter for FM pi- 
lot. L8 is Toko coil CAN- 
1A185HM* (Note 1). 

C9 

0.047 juF 

Works with input resistance 
of pin 9 to form part of control 
path frequency weighting. 

CIO 

1 jutF 

f 9 = — --- 1 = 4.8 kHz 

2n C9 RpiN g 

Set attack and decay time of 
peak detector. 

R1,R2 

i k ft 

Sensitivity resistors set the 
noise threshold. Reducing at- 
tentuation causes larger sig- 
nals to be peak detected and 
larger bandwidth in main sig- 
nal path. Total value of R1 + 
R2 should equal 1 kft. 

R8 

100ft 

Forms RC roll-off with C8. 
This is only required in FM 
applications. 


* Toko America Inc., 1250 Feehanville Drive, Mt. Prospect IL 60056 


Note 1: When FM applications are not required, pin 8 and pin 9 hook-up as 
follows: 


C9 



I TL/H/7918-6 

Circuit Operation 

The LM1894 has two signal paths, a main signal path and a 
bandwidth control path. The main path is an audio low pass 
filter comprised of a gm block with a variable current, and an 
op amp configured as an integrator. As seen in Figure 2, DC 
feedback constrains the low frequency gain to Av = - 1 . 
Above the cutoff frequency of the filter, the output decreas- 
es at -6 dB/oct due to the action of the 0.0033 juF capaci- 
tor. 

The purpose of the control paths is to generate a bandwidth 
control signal which replicates the ear’s sensitivity to noise 
in the presence of a tone. A single control path is used for 
both channels to keep the stereo image from wandering. 
This is done by adding the right and left channels together 
in the summing amplifier of Figure 2. The R1, R2 resistor 
divider adjusts the incoming noise level to open slightly the 
bandwidth of the low pass filter. Control path gain is about 
60 dB and is set by the gain amplifier and peak detector 
gain. This large gain is needed to ensure the low pass filter 
bandwidth can be opened by very low noise floors. The ca- 
pacitors between the summing amplifier output and the 


peak detector input determine the frequency weighting as 
shown in the typical performance curves. The 1 jaF capaci- 
tor at pin 1 0, in conjunction with internal resistors, sets the 
attack and decay times. The voltage is converted into a 
proportional current which is fed into the gm blocks. The 
bandwidth sensitivity to gm current is 33 Hz/juA In FM 
stereo applications at 1 9 kHz pilot filter is inserted between 
pin 8 and pin 9 as shown in Figure 1. 

Figure 3 is an interesting curve and deserves some discus- 
sion. Although the output of the DNR system is a linear 
function of input signal, the -3 dB bandwidth is not. This is 
due to the non-linear nature of the control path. The DNR 
system has a uniform frequency response, but looking at 
the -3 dB bandwidth on a steady state basis with a single 
frequency input can be misleading. It must be remembered 
that a single input frequency can only give a single -3 dB 
bandwidth and the roll-off from this point must be a smooth 
-6 dB/oct. 

A more accurate evaluation of the frequency response can 
be seen in Figure 4. In this case the main signal path is 
frequency swept, while the control path has a constant fre- 
quency applied. It can be seen that different control path 
frequencies each give a distinctive gain roll-off. 

Psychoacoustic Basics 

The dynamic noise reduction system is a low pass filter that 
has a variable bandwidth of 1 kHz to 30 kHz, dependent on 
music spectrum. The DNR system operates on three princi- 
ples of psychoacoustics. 

1 . White noise can mask pure tones. The total noise energy 
required to mask a pure tone must equal the energy of the 
tone itself. Within certain limits, the wider the band of mask- 
ing noise about the tone, the lower the noise amplitude 
need be. As long as the total energy of the noise is equal to 
or greater than the energy of the tone, the tone will be inau- 
dible. This principle may be turned around; when music is 
present, it is capable of masking noise in the same band- 
width. 

2. The ear cannot detect distortion for less than 1 ms. On a 
transient basis, if distortion occurs in less than 1 ms, the ear 
acts as an integrator and is unable to detect it. Because of 
this, signals of sufficient energy to mask noise open band- 
width to 90% of the maximum value in less than 1 ms. Re- 
ducing the bandwidth to within 1 0% of its minimum value is 
done in about 60 ms: long enough to allow the ambience of 
the music to pass through, but not so long as to allow the 
noise floor to become audible. 

3. Reducing the audio bandwidth reduces the audibility of 
noise. Audibility of noise is dependent on noise spectrum, or 
how the noise energy is distributed with frequency. Depend- 
ing on the tape and the recorder equalization, tape noise 
spectrum may be slightly rolled off with frequency on a per 
octave basis. The ear sensitivity on the other hand greatly 
increases between 2 kHz and 1 0 kHz. Noise in this region is 
extremely audible. The DNR system low pass filters this 
noise. Low frequency music will not appreciably open the 
DNR bandwidth, thus 2 kHz to 20 kHz noise is not heard. 
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Block Diagram 


CH2 l 0 CH2 OUTPUT CHI OUTPUT CHI l 0 V+ 



INPUT OUTPUT 


TL/H/7918-7 

FIGURE 2 
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FIGURE 3. Output vs Frequency 


TL/H/7918-9 

FIGURE 4. -3 dB Bandwidth vs 
Frequency and Control Signal 


Application Hints 

The DNR system should always be placed before tone and 
volume controls as shown in Figure 1. This is because any 
adjustment of these controls would alter the noise floor 
seen by the DNR control path. The sensitivity resistors R1 
and R2 may need to be switched with the input selector, 
depending on the noise floors of different sources, i.e., tape, 
FM, phono. To determine the value of R1 and R2 in a tape 
system for instance; apply tape noise (no program material) 
and adjust the ratio of R1 and R2 to open slightly the band- 
width of the main signal path. This can easily be done by 
viewing the capacitor voltage of pin 1 0 with an oscilloscope, 
or by using the circuit of Figure 5. This circuit gives an LED 
display of the voltage on the peak detector capacitor. Adjust 
the values of R1 and R2 (their sum is always 1 kfl) to light 
the LEDs of pin 1 and pin 18. The LED bar graph does not 
indicate signal level, but rather instantaneous bandwidth of 
the two filters; it should not be used as a signal-level indica- 


tor. For greater flexibility in setting the bandwidth sensitivity, 
R1 and R2 could be replaced by a 1 kft potentiometer. 

To change the minimum and maximum value of bandwidth, 
the integrating capacitors, C3 and Cl 2, can be scaled up or 
down. Since the bandwidth is inversely proportional to the 
capacitance, changing this 0.0039 ju,F capacitor to 
0.0033 jaF will change the typical bandwidth from 965 Hz- 
34 kHz to 1.1 kHz-40 kHz. With C3 and Cl 2 set at 0.0033 
ju-F, the maximum bandwidth is typically 34 kHz. A double 
pole double throw switch can be used to completely bypass 
DNR. 

The capacitor on pin 1 0 in conjunction with internal resistors 
sets the attack and decay times. The attack time can be 
altered by changing the size of CIO. Decay times can be 
decreased by paralleling a resistor with CIO, and increased 
by increasing the value of CIO. 
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Application Hints (Continued) 

When measuring the amount of noise reduction of the DNR 
system, the frequency response of the cassette should be 
flat to 10 kHz. The CCIR weighting network has substantial 
gain to 8 kHz and any additional roll-off in the cassette play- 
er will reduce the benefits of DNR noise reduction. A typical 


signal-to-noise measurement circuit is shown in Figure 6. 
The DNR system should be switched from maximum band- 
width to nominal bandwidth with tape noise as a signal 
source. The reduction in measured noise is the signal-to- 
noise ratio improvement. 


FROM PIN 10 
IN LM1894 


1 v H 

3 

4 

5 

6 7 










Ik 


FIGURE 5. Bar Graph Display of Peak Detector Voltage 


TONE AND 
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CCIR 
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METER 


FIGURE 6. Technique for Measuring S/N Improvement of the DNR System 
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Application Hints (Continued) 

FOR FURTHER READING 
Tape Noise Levels 

1. “A Wide Range Dynamic Noise Reduction System”, 
Blackmer, dB’ Magazine, August-September 1 972, Volume 
6 , # 8 . 

2. “Dolby B-Type Noise Reduction System”, Berkowitz and 
Gundry, Serf Journal, May-June 1974, Volume 8. 

3. “Cassette vs Elcaset vs Open Reel”, Toole, Audioscene 
Canada, April 1978. 

4. “CCIR/ARM: A Practical Noise Measurement Method”, 
Dolby, Robinson, Gundry, JAES, 1 978. 

Printed Circuit Layout 


Noise Masking 

1. “Masking and Discrimination”, Bos and De Boer, JAES, 
Volume 39, #4, 1966. 

2. “The Masking of Pure Tones and Speech by White 
Noise”, Hawkins and Stevens, JAES, Volume 22, #1, 1950. 

3. “Sound System Engineering”, Davis Howard W. Sams 
and Co. 

4. “High Quality Sound Reproduction”, Moir, Chapman Hall, 
1960. 

5. “Speech and Hearing in Communication”, Fletcher, Van 
Nostrand, 1953. 


DNR Component Diagram 



TL/H/7918-12 
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Video Preamplifiers 


Bandwidth 

(MHz) 


Supply 

Voltage 

(V) 


Package 



Single Amplifier 

OV to 4 V DC control on all functions 
Contrast control tracking for RGB applications 

Single Amplifier System with OSD Blanking 
OV to 4V DC control on all functions 
Contrast control tracking for RGB applications 


Triple Amplifier System 

Output stage Blanking with adjustable Blanking 
level 

OV to 4V DC control on all functions 


Triple Amplifier System 

OV to 12V DC brightness and contrast control 


Triple Amplifier System with blanking 
OV to 4V DC control on all functions 
Spot killer 

Triple Amplifier System with blanking 
OV to 4V DC control on all functions 
Spot killer 

Full Range Drive Control (40 dB) 

Single Amplifier 

OV to 1 2V DC brightness and contrast control 


Triple Amplifier System with blanking 
OV to 4V DC control on all functions 
Spot killer 

Full Range Drive Control (40 dB) 


Triple Amplifier System 

OV to 1 2 V DC brightness and contrast control 


Triple Amplifier System with blanking 
OV to 4V DC control on all functions 
Spot killer 

Triple Amplifier and OSD System 
Output stage Blanking 
OV to 4V DC control on all functions 
Spot killer 


Triple Amplifier System 

OV to 1 2V DC brightness and contrast control 
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CRT Drivers 


Supply 

Voltage 

(V) 



LM2418 60 


Comments 


• Triple channel CRT driver 

• 50 Vpp output swing 

• Closed loop design 


• Triple channel CRT driver 

• 50 Vpp output swing 

• Open loop design 


• Triple channel CRT driver 

• 50 Vpp output swing 

• Open loop design 


• Triple channel CRT driver 

• 50 Vpp output swing 

• Open loop design 


Video Channel Recommendations 



Preamplifier 


LM1204 
LM1205 
LM1203A 
LM1281 
LM1281 
LM1205 
LM1203B 
LM1207 
LM1203 


LM2427 

LM2427 

LM2427 

LM2427 

LM2419 

LM2419 

LM2419 

LM2416 

LM2418 


Typical 

Calculated 

Video 

Channel 

t r /t f (ns) 



♦Estimated t r /tf includes affects of compensation networks 















Video Special Functions 


Device 

Function 

Supply 

Voltage 

Package 

Comments 

LM1291 

Horizontal 
Time Base 

12V 

28-Pin DIP 

• Video PLL systems for Continuous Sync Monitors (15 kHz- 135 kHz) 

• Includes Sync Separator and clamp pulse generator 

• Video mute signal indicates change in H input frequency 

LM1295 

Geometric 

Correction 

12V 

24-Pin 

Narrow DIP 

• All correction terms are DC controlled (OV to 4V range) 

• Vertical dynamic focus control signal 

• Ramp generation for vertical deflection 

LM1391 

Horizontal 

PLL 

Over 1 0V 

8-Pin DIP 

• Built-in 8.6V regulator 

• Linear balanced phase detector 

• DC controlled output duty cycle 

LM1823 

Video 

IF Amp & 
PLL Det. 

12V 

28-Pin DIP 

• True synchronous video detector using PLL 

• 9 MHz video bandwidth 

• Excellent small-signal detector linearity 

LM1881 

Sync 

Separator 

5V-12V 

8-Pin DIP 

8-Pin SO 

• Generates composite sync, vertical sync, back porch clamp pulse, and 
Odd/ Even field 

LM1882 

Sync 

Generator 

5V 

20-Pin DIP 
20-Pin PLCC 

• 130 MHz maximum clock frequency 

• Control via register programming with NTSC default values 

• Interlaced and Non-Interlaced Formats 

LM2889 

TV Video 

Modulator 

12V 

14-Pin DIP 

• Low distortion FM sound modulator 

• Excellent oscillator stability 

• DC channel switching 
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Video 

Definition of Terms 


Active Video Signal: That portion of the video signal which 
is above the blanking level and contains the picture informa- 
tion. 

Arc Protection: Circuitry in the electronic systems connect- 
ed to the CRT, to prevent them from being damaged by high 
voltage arcs within the CRT. 

Arcover: An internal arc between electrodes in the CRT, 
which can apply high voltages to the CRT terminals. 
Aspect Ratio: The ratio of picture width to picture height. 
For the NTSC system this is 4:3, 

Back Porch: The section of the composite video signal be- 
tween the trailing edge of the horizontal sync pulse and the 
end of the blanking pulse period (when picture information 
begins). 

Bandwidth: The frequency at which the sine wave re- 
sponse of an amplifier has dropped 3 dB below the ampli- 
tude at a lower reference frequency. The reference frequen- 
cy needs to be specified where the frequency response of 
the amplifier is very flat. The bandwidth frequency should be 
at least 10 times the reference frequency. The output level 
of the amplifier must be specified for the bandwidth specifi- 
cation. 

Black Level: The DC voltage level in the picture signal 
which corresponds to beam cut-off on the display tube. 
Blacker-than-Black: The amplitude region in the video sig- 
nal that extends below the reference black level. The black- 
er-than-black is usually used for blanking. 

Blanking: A portion of the video signal whose instanta- 
neous amplitude makes the vertical and horizontal scan re- 
trace not visible on the display tube. 

Blanking Period: The period in the video signal where the 
level is reduced to the blanking level, below which the dis- 
play electron beam is cut-off. This allows non-visible retrace 
of the beam from the right side of the display to the left side 
at the end of each scan line (horizontal blanking) and non- 
visible return of the electron beam from the bottom of the 
display to the top. 

Blooming: Defocussing of the picture in regions where the 
brightness is too high. 

Clamping: A process that established a fixed DC voltage 
level for the picture signal. This is important for maintaining 
the correct picture black level. 

Composite Video Signal: A video signal that also contains 
the sync information. For an RGB color system the sync 
information is normally in the green video. Other RGB color 
systems may have the sync information in all three video 
signals. Many systems use separate syncs (no sync signal 
on any of the video signals). These systems would have no 
composite video signal. 


Continuous Sync: A circuit or monitor that has the capabili- 
ty to lock on a range of different horizontal and vertical fre- 
quencies. The wide variety of different video standards 
makes a continuous sync monitor very desirable to prevent 
early obsolescence. 

Contrast: The range of dark and light values in a picture. 
Cross-talk: An undesired signal interfering with a desired 
signal. 

CRT: Cathode Ray Tube (display tube) 

CRT Driver: An amplifier which increases the 4 to 7V signal 
output from a preamplifier up to 50 volts, for driving the 
cathode of a CRT. 

EMI: Electromagnetic Interference. Signals radiated or con- 
ducted from an electronic system which can interfere with 
the operation of another electronic system. 

Equalizing Pulses: Pulses of one half the width of the hori- 
zontal sync pulses. They are used to help the vertical sync 
system of the monitor accommodate the half line difference 
in the number of scan lines on successive fields in an inter- 
laced standard. 

Field: One half of a complete picture interval in an inter- 
laced standard. A field will contain either all the odd num- 
bered scanning lines or all the even numbered scanning 
lines in the picture. For a non-interlaced standard the field 
and frame are the same and is the complete picture interval. 
Fly-back: See Horizontal Retrace. 

Frame: A complete picture. For an interlaced standard, a 
frame consists of two interlocking fields. 

Front Porch: The section of the composite video signal be- 
tween the end of the picture information on a horizontal line 
(start of blanking) and the start of the horizontal synchroni- 
zation pulse. 

Gain: An amplifier output voltage divided by input voltage. A 
negative value of gain means the amplifier is an inverting 
amplifier. 

Horizontal Blanking: The blanking signal at the end of 
each horizontal line that prevents the retrace of the display 
tube electron beam from being visible. 

Horizontal Retrace: The rapid return of the scanning elec- 
tron beam from the right side of the raster to the left side. 
Horizontal Scan Rate: The frequency at which the electron 
beam in a monitor is being deflected horizontally. 

Interlace: A scanning process in which each adjacent line 
belongs to the alternate field. Note: most video standards 
for monitors do not use interlace. 
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Large Signal Bandwidth: The bandwidth of an amplifier 
where the output is specified near or at its largest expected 
output swing. For CRT drivers the specified output is typical- 
ly between 40 Vpp and 50 Vpp. For video preamps the 
specified level is typically 4 Vpp. 

Multi Sync: A circuit or monitor that has the capability to 
lock on a discrete number of preselected different video 
standards. 

Noise: In a video picture, ‘noise’ refers to random interfer- 
ence producing a salt and pepper pattern over the picture. 
Overshoot: An (excessive) response to a unidirectional sig- 
nal change. Overshoot is often used deliberately to en- 
hance the appearance of the displayed picture. 

Pairing: A partial or complete failure of interlace in which 
scan lines of alternate fields fall in pairs, one on top of the 
other. 

Pixel: Contraction of the words picture element. A picture 
displayed on a monitor is divided into very small segments, 
called pixels. 

Pixel Clock Rate: The rate at which pixels of the incoming 
video are occurring. 

Preamplifier: An amplifier which increases the nominal 
0.7V video signal to the 4 to 7V level, as part of a video 
amplifier. Usually contains other functions, such as bright- 
ness, contrast and clamping. 

Raster: The area on the face of the display tube that is 
scanned by the electron beam. This is not always entirely 
visible since monitors sometimes employ overscan so that 
the edges of the raster are hidden by the faceplate. 
Resolution (Horizontal): The amount of resolvable detail in 
the horizontal direction of the picture. This depends on the 
high frequency and phase response of the monitor. 
Resolution (Vertical): The amount of resolvable detail in 
the vertical direction of the picture. This depends primarily 
on the number of scan lines that are used and secondarily 
on the size (shape) of the electron scanning beam. 


RGB Video Abbreviation for Red, Green, and Blue video. 
This means that there are three separate signals going to 
the monitor for video, each signal represents one of the 
three colors. Monitors used with various computers today all 
use RGB video. 

Smear: A picture condition where the displayed video levels 
have an error with respect to what should be displayed. This 
condition is normally due to thermal shifts in the CRT driver 
due to a major change in the picture. As an example, if a 
black box is displayed in the center of the screen with a 
white background, the white background after the box may 
be either more white than the background, or slightly darker 
than the white background. This shift in the white level in the 
horizontal direction after the black box is called smear. 
Spark Gap: A component connected between CRT pins 
(cathodes, G1 , G2) and ground, to limit the arcover voltages 
appearing on the CRT pins. 

Sync: Abbreviation for synchronizing or synchronization. 
Sync Level: The level of the synchronizing pulse tips. 
t R /t F : Rise time/fall time. During a video signal transition 
from one level to another, the time required to go between 
the 10% and 90% points of the transition. 

Vertical Blanking: The blanking signal at the end of each 
field. 

Vertical Frequency: The rate at which a complete field is 
scanned. 

Vertical Retrace: The return of the electron beam from the 
bottom of the display to the top after a complete field has 
been scanned. 

Vertical Scan Rate: The frequency at which the electron 
beam in a monitor is being deflected vertically. 

Video: The visible portion of the video signal representing 
the picture. Also referred to as active video. 
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LM1201 Video Amplifier System 


General Description 

The LM1201 is a wideband video amplifier system intended 
for high resolution monochrome or RGB monitor applica- 
tions. In addition to the wideband video amplifier the 
LM1201 contains a gated differential input black level clamp 
comparator for brightness control and an attenuator circuit 
for contrast control. The LM1201 also contains a voltage 
reference for the video input. For medium resolution RGB 
color monitor applications also see the LM1203 Video Am- 
plifier System data sheet. 

Features 

■ Wideband video amplifier (200 MHz @ -3 dB) 

■ Attenuator circuit for contrast control (>40 dB range) 

■ Externally gated comparator for brightness control 


■ Provisions for external gain set and peaking of video 
amplifier 

■ Video input voltage reference 
h Low impedance output driver 

Typical Applications 

■ CRT video amplifiers 

■ Video switches 

■ High frequency video preamplifiers 

■ Wideband gain controls 

■ PC monitors 

■ Workstations 

■ Facsimile machines 

■ Printers 


Block and Connection Diagram 


VIDEO 


CONTRAST 

CONTRAST 



IN 

Vcci 

CAP 

CAP V cc 2 

DRIVE 

V cc 3 CLAMP (-) 



FIGURE 1 


Order Number LM1201M or LM1201N 


See NS Package Number M16A or N16E 


TL/H/1 0006-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage Vcc Pins 10, 12, 15 
to Ground Pins, 1,7 1 3.5V 

Voltage at Any Input Pin (Vin) Vcc ^ Vin ^ GND 

Video Output Current (Is) 28 mA 

Package Power Dissipation at Ta = 25°C 1 .56 W 

(Above 25°C derate based on (0 ja and Tj) 

Package Thermal Resistance (0ja) N1 6E 80°C/W 

Package Thermal Resistance (0ja) M 1 6A 1 00°C/ W 

Junction Temperature (Tj) 1 50°C 

Electrical Characteristics see Test circuit (Figure 2 ), t a = 25°c ; v CC i - vcc 2 = v C c 3 = 12V 

DC Static Tests S9 Open; V4 = 6V; V5 = 0V; V6 = 2.0V unless otherwise stated 


Storage T emperature Range (T stg) - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 265°C 

ESD Susceptibility 2 kV 

Human body model: 100 pF discharged through a 1.5 kn 
resistor 

Operating Ratings (Note 4) 

Temperature Range 0°C to + 70°C 

Supply Voltage (V C c) 1 0.8V <LV CC <L^ 3.2V 


Symbol 

Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 1) 

Design 
Limit 
(Note 2) 

Units 

(Limits) 


Supply Current 

Vcc Pins 12, 15 Only 

45 

57 


mA(max) 


Video Input Reference Voltage 


2.65 

2.4 


V(min) 


2.95 


V(max) 

*16 

Video Input Bias Current 

(V 3 -V 16 )/10k ft 

5.0 

20 


jLiA(max) 

V 5L 

Clamp Gate Low Input Voltage 

Clamp Comparator On 

1.2 

0.8 


V(min) 

V 5H 

Clamp Gate High Input Voltage 

Clamp Comparator Off 

1.6 

2.0 


V(max) 

*5L 

Clamp Gate Low Input Current 

> 

0 

ll 

10 

> 

-0.5 

-5.0 



*5H 

Clamp Gate High Input Current 

V 5 = 12V 

0.005 

1 



•2 + 

Clamp Cap Charge Current 

> 

0 

II 

CM 

> 

1 

0.55 


mA(min) 

•2- 

Clamp Cap Discharge Current 

> 

10 

11 

CM 

> 

-1 

-0.55 


mA(min) 

V 8 L 

Video Output Low Voltage 

> 

O 

II 

£ 


0.9 


V(max) 

V 8 H 

Video Output High Voltage 

V 2 = 5V 

8.5 

8.0 


V(min) 

v OS 

Comparator Input Offset Voltage 

V 6 -V 9 

±0.5 

±25 


mV(max) 


AC Dynamic Tests sg closed, v 5 = ov, v 6 = 4v 


Symbol 

Parameter 

Conditions 

Typ 

Tested 
Limit (Note 1) 

Design 
Limit (Note 2) 

Units 

(Limits) 

Avmax 

Video Amplifier Gain 

> 

CM 

II 

8 

5.5 


V/V(min) 

AAv 5V 

Attenuation @ 5V 

Ref: Av max, V 4 = 5V 

-10 



dB 

AAv 2V 

Attenuation @ 2V 

Ref: Av max, V 4 = 2V 

-45 



dB 

THD 

Video Amplifier Distortion 

V 4 = 5V, V 0 = 1 Vp.p 

0.3 



% 

f (— 3dB) 

Video Amplifier Bandwidth (Note 3) 

V 4 = 12V, V Q = 100 mV rms 

200 


170 

MHz(min) 

t r 

Output Rise Time (Note 3) 

9. 

A 

> 

"d- 

II 

O 

> 

2.5 



ns 

tf 

Output Fall Time (Note 3) 

CL 

> 4 

■M- 

II 

O 

> 

3 



ns 


Note 1: These parameters are guaranteed and 100% production tested. 

Note 2: Design limits are guaranteed (but not 100% production tested). These limits are not used to calculate outgoing quality levels. 

Note 3: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board without socket is recommend- 
ed. 

Note 4: Operating Ratings indicate conditions of which the device is functional, but does not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may 
degrade when the device is not operated under the listed test conditions. 
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APPLICATIONS INFORMATION 

Figure 4 shows the block diagram of a typical analog mono- 
chrome monitor. The monitor is used with CAD/CAM work 
stations, PCs, arcade games and in a wide range of other 
applications that benefit from the use of high resolution dis- 
play terminals. Monitor characteristics may differ in such 
ways as sweep rates, screen size, or in video amplifier 
speed but will still be generally configured as shown in Fig- 
ure 4. Separate horizontal and vertical sync signals may be 
required or they may be contained as a composite signal in 
the video input signal. The video input signal is usually 


supplied by coaxial gable which is terminated in 75ft at the 
monitor input and internally AC coupled to the video amplifi- 
er. The input signal is approximately IV peak-to-peak in am- 
plitude and at the input of the high voltage video section, 
approximately 6V peak-to-peak. At the cathode of the CRT 
the video signals can be as high as 60V peak to peak. The 
block in Figure 4 labeled “Video Amplification with DC Con- 
trolled Gain/Black Level” contains the function of the 
LM1201 video amplifier system. 



FIGURE 4. Typical Monochrome Monitor Block Diagram 
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Circuit Description 

Figure 5 is a block diagram of the LM1201 along wjth the 
contrast and brightness controls. The contrast control is d 
DC operated attenuator which varies the AC gain of the 
amplifier without introducing any signal distortions or DC 
output shift. The brightness control function requires a 
“sample and hold” circuit (black level clamp) which holds 
the DC bias of the video amplifier and CRT cathodes con- 
stant during the black level reference portion of the video 
waveform. The clamp comparator, when gated on during 
this reference period, will charge or discharge the clamp 
capacitor until the non-inverting input of the clamp compara- 
tor matches that of the inverting input voltage which was set 
by the brightness control. 

Figure 6 is a simplified schematic of the LM1201 video am- 
plifier along with the recommended external components. 
The 1C pin numbers are circled with all external components 
shown outside of the dashed line. The video input is applied 


to pin 16 via the 10 ju,F coupling capacitor. DC bias to the 
video input is through the 10 kft resistor which is connected 
to the 2.6V reference at pin 3. The low frequency roll-off off 
the amplifier is set by these two components. Transistor Q1 
buffers the video signal to the base of Q2. The Q2 collector 
current is then directed to the V<xi supply through Q3 or to 
Vqc 2 through Q4 and the 500ft load resistor depending 
upon the differential DC voltage at thd bases of Q3 and Q4. 
The Q3 and Q4 differential base voltage is determined by 
the contrast control circuit which is described below. The 
black level DC voltage at the collector of Q4 is maintained 
by Q5 and Q6 which are part of the black level clamp circuit 
also described below. The video signal appearing at the col- 
lector of Q4 is then buffered by Q7 and level shifted down 
by Z1 and Q8 to the base of Q9 which will then provide 
additional system gain. 



FIGURE 5. Block Diagram of LM201 Video Amplifier with Contrast and Black Level Control 


TL/H/1 0006-5 
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Circuit Description (Continued) 
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Circuit Description (Continued) 

The “Drive” pin will allow the user to set the maximum gain 
of the amplifier based on the range of input video signal 
levels and the CRT stage gain if it is fixed or limited. When 
using three LM1201 devices for high resolution RGB appli- 
cations, the “Drive” pin allows the user to trim the gain of 
each channel to correct for differences in the three CRT 
cathodes. A small capacitor (12 pF) in shunt with a 5111 
drive resistor at this pin will extend the high frequency gain 
of the video amplifier by compensating for some of the inter- 
nal high frequency roll off. The 51 ft resistor will set the sys- 
tem gain to approximately 8 or 1 8 dB. The video signal at 
the collector of Q9 is buffered and level shifted down by 
Q1 0 and Q1 1 to the base of the output emitter follower Q1 2. 
Between the emitter of Q12 and the video output pin is a 
50ft resistor which is included to prevent spurious oscilla- 
tions when driving capacitive loads. An external emitter re- 
sistor must be added between the video output pin and 
ground. The value of this resistor should not be less than 
330ft, otherwise package power limitations may be exceed- 
ed when worst case (high supply, max supply current, max 
temp) calculations are rriade. If negative going pulse slewing 
is a problem because of high capacitive loads (>10 pF), a 
more efficient method of emitter pull down would be to con- 
nect a suitable resistor to a negative supply voltage. This 
has the effect of a current source pull down when the minus 
supply voltage is - 1 2V, and the emitter current is approxi- 
mately 10 mA. The system gain will also increase slightly 
because less signal will be lost across the internal 50ft re- 
sistor. Precautions must be taken to prevent the video 


output pin from going below ground since 1C substrate cur- 
rents may cause erratic operation. The collector current 
from the video output transistor is returned to the power 
supply at V<X 3 . pin 1 0. When making power dissipation cal- 
culations note that the datasheet specifies only the Vcci 
and Vqc 2 supply currents at 1 2V. The 1C power dissipation 
contribution of Vcca is dependent upon the video output 
emitter pull down load. 

In normal operation the minimum black level voltage that 
can be set at the video output pin is approximately 2V at 
maximum contrast setting. In applications that require a low- 
er black level voltage, a resistor (approximately 1 6 kft) can 
be added from pin 3 to ground. This has the effect of raising 
the DC voltage at the collector of Q4 which will extend the 
range of the black level clamp by allowing Q5 to remain 
active. In applications that require video amplifier shutdown 
due to fault conditions detected by monitor protection cir- 
cuits, pin 3 and the wiper arms of the contrast and bright- 
ness controls can be grounded without harming the 1C. This 
assumes some series resistance between the top of the 
control potentiometers and V<x- 

Figure 7 shows the internal construction of the pin 3 2.6V 
reference circuit which is used to provide temperature and 
supply voltage tracking compensation for the video amplifier 
input. The value of the external DC biasing resistors should 
not be larger than 10 kft when using more than one 
LM1201 (e.g. in RGB systems) because minor differences in 
input bias currents on the individual video amplifiers may 
cause offsets in gain. 



FIGURE 7. LM1201 Video Input Voltage Reference and Contrast Control Circuits 


TL/H/ 10006-7 
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Circuit Description (Continued) 

Figure 7 also shows how the contrast control circuit is con- 
figured. Resistors R23, R24, diodes D3, D4, and transistor 
Q13 are used to establish a low impedance zero TC half 
supply voltage reference at the base of Q1 4. The differential 
amplifier formed by Q15, Q16 and feedback transistor Q17 
along with resistors R27, R28 establish a differential base 
voltage for Q3 and Q4 in Figure 6. When externally adding 
or subtracting current from the collector of Q 16, a new dif- 
ferential voltage is generated that reflects the change in the 
ratio of currents in Q15 and Q16. To provide voltage control 
of the Q16 current, resistor R29 is added between the Q16 
collector and pin 4. A capacitor should be added from pin 4 
to ground to prevent noise from the contrast control pot 
from entering the 1C. 

Figure 8 is a simplified schematic of the clamp gate and 
clamp comparator section of the LM1201. The clamp gate 
circuit consists of a PNP input buffer transistor (Q18), a PNP 
emitter coupled pair referenced on one side to 2.1V (Q19, 
Q20) and an output switch (Q21). When the clamp gate 
input at pin 5 is high (>1.5V), the Q21 switch is on and 


shunts the II 1mA current to ground. When pin 5 is low 
(<1.3V), the Q21 switch is off and the II 1mA current 
source is mirrored or “turned around” by reference diode 
D5 and Q26 to provide a 1mA current source for the clamp 
comparator. The inputs to the comparator are similar to the 
clamp gate input except that an NPN emitter coupled pair is 
used to control the current which will charge or discharge 
the clamp capacitor at pin 2. PNP transistors are used at the 
inputs because they offer a number of advantages over 
NPNs. PNPs will operate with base voltages at or near 
ground and will usually have a greater reverse emitter-base 
breakdown voltage (BVebo). Because the differential input 
voltage to the clamp comparator during the video scan peri- 
od could be greater than the BVebo of NPN transistors, 
resistor R34 with a value one half that of R33 or R35 is 
connected between the bases of Q23 and Q27. This resis- 
tor will limit the maximum differential input to Q24, Q25 to 
approximately 350 mV. The clamp comparator common 
mode range extends from ground to approximately 9 V and 
the maximum differential input voltage is Vcc and ground. 



FIGURE 8. Simplified Schematic of LM1201 Clamp Gate and Clamp Comparator Circuits 
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Applications Information 

Figure 9 shows the configuration of a high frequency amplifi- 
er with non-gated DC feedback. Pin 5 is tied low to turn on 
the clamp comparator (feedback amplifier). The inverting in- 
put (pin 9) is connected to the amplifier output from a low 


pass filter. Additional low frequency filtering is provided by 
the clamp capacitor. The Drive pin is grounded to allow for 
the widest range of output signals. Maximum output swing is 
achieved when the DC output is set to approximately 4.5V. 
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Applications Information (Continued) 

Figure 10 shows the LM1201 set up as a video amplifier 
with biphase outputs. Because the collector of output tran- 
sistor Q12 is the only internal connection to Vcc 3 > a 75H 
termination to the power supply voltage allows one to obtain 
inverted video at pin 10. Black level on the non-inverted 
video output (pin 8) is set to 1 .5V by the voltage divider on 
pin 6. 

Figure 1 1 shows how a high frequency video switch may be 
designed using multiple LM1201 devices. All outputs can 


be OR’ed together assuming no more than one channel is 
selected at any given time. Channel selection is accom- 
plished by keeping the appropriate SELECT SWITCH open. 
Closing the SELECT SWITCH on a given channel disables 
that channel’s output (pin 8) leaving it in a high impedance 
state. A single pair of contrast and brightness potentiome- 
ters control the selected channel’s gain and output DC 
level. 







FIGURE 10. Preclamped Video Amplifier with Biphase Outputs 
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Applications Information (Continued) 
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Rise Time No Socket 


Rise Time In Socket 


TL/H/10006-12 


TL/H/1 0006-1 3 




Fail Time No Socket 



TL/H/10006-14 


HP8082 pulse generator 
HP10241A 10:1 voltage divider 
HP1120A 500 MHz FET probe 
Tektronix 2465A 350 MHz scope 


Scale for All Photos— Vert: IV/Div 
Horiz: 5 ns/Div 


Fail Time In Socket 



TL/H/10006-15 


• Actual output signal swings 
4 v p-p (10:1 divider is used) 

• Contrast is set to maximum 

• V| N - 500 mVp_p 

• r DRIVE — 50^ 

• Vertical scale is actually IV/div and not 
100 mV/div due to 10:1 attenuator used. 

• Outputs are centered at 4V DC. 
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TL/H/10006-16 

Note: The p.c.b. layout shown above is suitable for evaluating the performance of the LM1201. Although it is similar to the 
typical application circuit of Figure 3, there is no c.r.t. driver stage. Instead, a feedback resistor is connected between Pins 8 and 
9 and the brightness control is connected to Pin 6. Again, for best results, a socket should not be used for the LM1201. 

COMPONENT VALUES: 


R1 

75a, 5%, 1/4 watt, carbon composition 

Cl 

0.1 fiF, ceramic 

R3 

10 ka, 5%, 1 /4 watt, carbon composition 

C2 

0.1 jaF, ceramic 

R4 

50a, 5%, 1/4 watt, carbon composition 

C4 

0.1 jaF, ceramic 

R5 

200a, 5%, 1/4 watt, carbon composition 

C5 

0.1 jaF, ceramic 

R6 

75a, 5%, 1 /4 watt, carbon composition 

C6 

10 jaF/6V, electrolytic 

R7 

330a, 5%, 1/4 watt, carbon composition 

C7 

0.1 jaF, ceramic 

R8 

680 ka, 5%, 1 /4 watt, carbon composition 

C8 

0.1 julF, ceramic 

R9 

10 ka, trim pot, helitrim model 91 

C9 

0.1 jaF, ceramic 

RIO 

5.1 ka, 5%, 1 /4 watt, carbon composition 

CIO 

0.1 /xF, ceramic 

R11 

43 ka, 5%, 1/4 watt, carbon composition 

C11 

0.1 jaF, ceramic 

R12 

12 ka, 5%, 1/4 watt, carbon composition 

Cl 2 

0.1 jaF, ceramic 

R13 

10 ka, trim pot, helitrim model 91 

Cl 3 

100 jaF/15V, electrolytic 

R14 

2 ka, 5%, 1 /4 watt, carbon composition 

C14 

0.001 jaF, mica 

R15 

200a, 5%, 1/4 watt, carbon composition 

Cl 5 

0.1 jaF, ceramic 

IC1 

LM1201 



IC2 

LM1881 
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LM1202 230 MHz Video Amplifier System 


General Description 

The LM1202 is a very high frequency video amplifier system 
intended for use in high resolution monochrome or RGB 
color monitor applications. In addition to the wideband video 
amplifier the LM1202 contains a gated differential input 
black level clamp comparator for brightness control, a DC 
controlled attenuator for contrast control and a DC con- 
trolled sub contrast attenuator for drive control. The DC 
control for the contrast attenuator is pinned out separately 
to provide a more accurate control system for RGB color 
monitor applications. All DC controls offer a high input im- 
pedance and operate over a 0V to 4V range for easy inter- 
face to bus controlled alignment systems. The LM1202 op- 
erates from a nominal 1 2V supply but can be operated with 
supply voltages down to 8V for applications that require re- 
duced 1C package power dissipation characteristics. 

Features 

■ Wideband video amplifier 

(f_ 3dB = 230 MHz at V 0 = 4 V PP ) 

■ t r , tf = 1.5 ns at Vo, = 4 V PP 


Externally gated comparator for brightness control 
0V to 4V high input impedance DC contrast control 
(>40 dB range) 

0V to 4V high input impedance DC drive control 
(±3 dB range) 

Easy to parallel three LM1202s for optimum color track- 
ing in RGB systems 

Output stage clamps to 0.65V and provides up to 9V 
output voltage swing 

Output stage directly drives most hybrid or discrete 
CRT amplifier stages 


Applications 


High resolution CRT monitors 
Video switches 
Video AGC amplifier 

Wideband amplifier with gain and DC offset control 


Block and Connection Diagram 


ATTENUATOR IN+ 


ATTENUATOR 

(DRIVE) 


SYSTEM V cc l[T| 


CONTRAST CONTROL 
DRIVE CONTROL 


Order Number LM1202N or LM1202M 
See NS Package Number N20A or M20B 


2-21 


LM1202 






Absolute Maximum Ratings (Note n 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage Vcc Pins 4, 7, 16 to 
Ground Pins 5, 13, 15 13.5V 

Voltage at Any Input Pin (Vin) Vcc ^ Vin ^ GND 

Video Output Currents 17) 28 mA 

Package Power Dissipation at t/\ = 25°C 1.56W 

(Above 25°C Derate Based 0 ja and Tj) 

Package Thermal Resistance (Oja) 

N20A 68°C/W 

M20B 90°C/W 


DC Electrical Characteristics See Test Circuit (Figure 1 ), T a = 25°C, V 4 = V7 = VI 6 = 12V, SI Open, 
VI 9 = 4V, V8 = 4V, V9 = 4V, V14 = OV unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 3) 

Limit 
(Note 4) 

Units 

l s 4, 7,16 

Total Supply Current 

R|_oad = 00 (Note 5) 

48 

60 

mA (max) 

v 6 

Video Input Bias Voltage 


2.4 

2 

V (min) 

Vl4L 

Clamp Gate Low Input Voltage 

Clamp Comparator On 


0.8 

V (max) 


Clamp Gate High Ihput Voltage 

Clamp Comparator Off 


2 

V (min) 

EBB 

Clamp Gate Low Input Current 

> 

0 

II 

■<fr 

> 

-0.5 


julA 

*14H 

Clamp Gate High Input Current 

V 14 = 12V 

0.005 


j^A 

>12 + 

Clamp Cap Charge Current 

> 

0 

II 

Cvj 

> 

800 

500 

jutA(min) 

■l2- 

Clamp Cap Discharge Current 

S 

11 

CM 

> 

-800 

-500 

fiA (min) 

V 17 L 

Video Output Low Voltage 

v 12 = OV 

0.2 

0.65 

V (max) 

Vl7H 

Video Output High Voltage 

< 

fv> 

II 

§ 

10 

9 

V (min) 

Vos 

Comparator Input Offset Voltage 

Vie - V 19 

15 

±50 

mV (max) 


Junction Temperature (Tj) > : r 150°C 

Storage T emperature Range (T stg ) - 65°C to +1 50°C 

Lead Temperature 

N Package (Soldering, TO sec.) 265°C 

ESD Susceptibility 

Human Body Model: 1 00 pF Discharged 1 .5 kV 

through a 1.5k Resistor 

Operating Ratings (Note 2) 

Temperature Range -20°Cto+80°C 

Supply Voltage (Vcc) 8V ^ Vcc ^ 13.2V 


AC Electrical Characteristics See Test Circuit (Figure 1 ), T A = 25°C, V4 = V7 = V16 = 12V, SI Closed, 

V19 = 4V, V8 = 4V, V9 = 4V, V14 = 0V unless otherwise noted. 


Symbol 

Rin 

Ay max 
AA v 2V 
AAy 0.5V 
A Drive 
THD 
f-3dB 


Parameter 

Conditions 

Video Amplifier Input Resistance 

flN = 12 kHz 

Video Amplifier Gain 

V 8 = 4V,Vg = 4V 

Attenuation at 2V 

Ref: Ay max, V 8 = 2 V 

Attenuation at 0.5V 

Ref: Ay max, V 8 = 0.5V 

A Gain Range 

V 9 = 0V to 4 V 

Video Amplifier Distortion 

V 0 = 4 V PP , f| N = 12 kHz 

Video Amplifier Bandwidth (Note 6) 

Vq = 4 Vpp 

Output Rise Time (Note 6) 

Vq = 4 Vpp 

Output Fall Time (Note 6) 

Vq = 4 Vpp 





ns (max) 
ns (max) 































































































Electrical Characteristics (Continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional but do not guarantee specific performance limits. For guaranteed specifications and 
test conditions see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may 
degrade when the device is not operated under the listed test conditions. 

Note 3: Typical specifications are specified at +25°C and represent the most likely parametric norm. 

Note 4: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 5: The supply current specified is the quiescent current for Vcci. VcC 2 and VcC 3 with R|_oad = 00 . see Figure 1’s test circuit. The total supply current also 
depends on the output load, R|_oad- The increase in device power dissipation due to Rt_oad must be taken into account when operating the device at the maximum 
ambient temperature. 

Note 6: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board is recommended. The 
measured rise and fall times are effective rise and fall times, taking into account the rise and fall times of the generator and the oscilloscope. 


Test Circuit 


V CC (+12V) 



DRIVE CAP 0.01 /iF 

FIGURE 1. LM1202 Test Circuit 


V CC (+12V) 


CLAMP GATE 
IN 
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SUPPL 


Typical Performance Characteristics (Vcc = 12V, Ta = 25°C unless otherwise specified) 


Quiescent Supply Current vs Supply Voltage 


Attenuation vs Drive Control Voltage 



7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.513.0 13.5 
SUPPLY VOLTAGE PINS 4, 7 AND 16 (V) 

TL/H/1 1440-12 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

DRIVE CONTROL (PIN 9) VOLTAGE 

TL/H/1 1440-13 


s 




BE 



mu 

mammiss 








tmumv&z 




rmmzzim 



HHIH 

■nni 


— 


■ ■■■■ 



■■■■■■ 



Drive vs Frequency 




FREQUENCY (MHz) 


FREQUENCY (MHz) 


Attenuation vs Contrast 
Control Voltage 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

CONTRAST CONTROL (PIN 8) VOLTAGE 
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Circuit Description 

Figure 2 shows a block diagram of the LM1 202 video ampli- 
fier along with contrast and brightness (black level) control. 
Contrast control is a DC-operated attenuator which varies 
the AC gain of the amplifier. Signal attenuation (contrast) is 
achieved by varying the base drive to a differential pair and 
thereby unbalancing the current through the differential pair. 
As shown in Figure 2, pin 20 provides a 5.3 V bias voltage for 
the positive input of the attenuator (pin 1). Pin 3 provides a 
control voltage for the negative input (pin 2) of the attenua- 
tor. The voltage at pin 3 varies as the voltage at the contrast 
control input (pin 8) varies thus providing signal attenuation. 
The gain is maximum (0 dB attenuation) if the voltage at pin 

8 is 4V and is minimum (maximum attenuation) if the voltage 
at pin 8 is 0V. The 0V to 4V DC-operated drive control at pin 

9 provides a 6 dB gain adjustment range. This feature is 
necessary for RGB applications where independent gain ad- 
justment of each channel is required. 

The brightness or black level clamping requires a “sample 
and hold” circuit which holds the DC bias of the video ampli- 
fier constant during the black level reference portion of the 
video waveform. Black level clamping, often referred to as 
DC restoration, is accomplished by applying a back porch 
clamp signal to the clamp gate input pin (pin 14). The clamp 
comparator is enabled when the clamp signal goes low dur- 
ing the black level reference period (see Figure 2). When 
the clamp comparator is enabled, the clamp capacitor con- 
nected to pin 12 is either charged or discharged until the 


voltage at the minus input of the comparator matches the 
voltage set at the plus input of the comparator. During the 
video portion of the signal, the clamp comparator is disabled 
and the clamp capacitor holds the proper DC bias. In a DC 
coupled cathode drive application, picture brightness func- 
tion can be achieved by varying the voltage at the compara- 
tor’s plus input. Note that the back porch clamp pulse width 
(tw in Figure 2) must be greater than 100 ns for proper 
operation. 

VIDEO AMPLIFIER SECTION (Input Stage) 

A simplified schematic of LM1202’s video amplifier input 
stage is shown in Figure 3 . The 5.4V zener diode, Q1, Q6 
and R2 bias the base of Q7 at 2.6V. The AC coupled video 
signal applied to pin 6 is referenced to the 2.6V bias voltage. 
Transistor Q7 buffers the video signal, Vin, and Q8 converts 
the voltage to current. The AC collector current through Q8 
is Iq8 = V|n/R 9. Under maximum gain condition, transistors 
Q9 and Q1 1 are off and all of Ics flows through the load 
resistors R10 and R11. The maximum signal gain at the 
base of Q13 is, Ayi = -(R10 -I- R11)/R9 = -2. Signal 
attenuation is achieved by varying the base drive to the dif- 
ferential pairs Q9, Q10 and Q11, Q12 thereby unbalancing 
the collector currents through the transistor pairs. Base of 
Q10 is biased at 5.3V by externally connecting pin 1 to pin 
20 through a 100H resistor. Pin 2 is connected to pin 3 
through a 1 00H resistor. Adjusting the contrast voltage at 



ATTENUATOR 

M 

ATTENUATOR 

(CONTRAST) 

■ 

(DRIVE) 


C2 . 

0.01 jxr ' 


nTb-i 

to 5 

t- 

I 20 


ATTENUATOR IN+ 


ATTENUATOR IN- 


CONTROL 0UT+ 


R4 < 
100k 4 


R5 « 
100k * 


CONTRAST 


DRIVE 

CONTROL 


CONTROL 


□ 


SYSTEM V cc 1 
CONTRAST CONTROL 


DRIVE CONTROL 



TL/H/1 1440-3 


FIGURE 2. Block Diagram of the LM1202 Video Amplifier 
with Contrast and Brightness (Black Level) Control 
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Circuit Description (Continued) 

pin 6 produces a control voltage at pin 3 which drives the 
base of Q9. By varying the voltage at the base of Q9, Q8’s 
collector current (Ice) is diverted away from the load resis- 
tors RIO and R 11, thereby providing signal attenuation. 
Maximum attenuation is achieved when all of Ics flows 
through Q9 and no current flows through the load resistors. 


The differential pair Q11 and 012 provide drive control. 
Q12’s base is internally biased at 7.3V. Adjusting the volt- 
age at the drive control input (pin 9) produces a control 
voltage at the base of 01 1 . With 09 off and Q12 off, all of 
I Q8 flows through RIO, thus providing a gain of Ayi = 
— (R10/R9) x V||si = -1. Drive control thus provides a 
6 dB attenuation range. 


Vcc SYSTEM V cc 



FIGURE 3. Simplified Schematic of the LM1202 Video Amplifier Input Stage 


TL/H/1 1440-4 
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Circuit Description (Continued) 

VIDEO AMPLIFIER SECTION (Output Stage) 

A simplified schematic of LM1202’s video amplifier output 
stage is shown in Figure 4. The output stage is the second 
gain stage. Ideally the gain of the second gain stage would 
be Av 2 = -R21/R18 = -16. Because of the output 
stage’s low open loop gain, the gain is approximately 
a V 2 = - 1 0. Thus the maximum gain of the video amplifier 
is A v = Avi x Av 2 = 20. Transistors Q23 and Q24 provide 
a push-pull drive to the load. The output voltage can swing 
from 0.2V to 10V. 

CONTRAST CONTROL SECTION 

A simplified schematic of LM1202’s contrast control section 
is shown in Figure 5. A 0V to 4V DC voltage is applied at the 
contrast input (pin 8). Transistors Q29, Q30 and Q34 buffer 
and level shift the contrast voltage to the base of Q36. The 
voltage at the emitter of Q36 equals the contrast voltage 
(V CO nt) and the current through Q36’s collector is given by 
•C36 = V cont /R28. 

Transistor Q36’s collector current is used to unbalance the 
current through the differential pair comprised of Q38 


and Q40. Q40’s base is internally biased at 5.3V and made 
available at pin 20. Pin 20 is externally connected to pin 1 
through a 100H resistor (see Figures 2 and 3). The base of 
Q38 (pin 3) is externally connected to pin 2 through a 1 00ft 
resistor (see Figures 2 and 3 ). With V con t = 2 V, the differ- 
ential pair (Q38, Q40) is balanced and the voltage at pins 1 
and 2 is 5.3V. Under this condition, Q8’s collector current is 
equally split between Q9 and Q10 (see Figure 3) and the 
amplifier’s gain is half the maximum gain. If contrast voltage 
at pin 8 is greater than 2V then Q36’s collector current 
increases, thus pulling Q38’s collector node lower and 
consequently moving Q38’s base below 5.3V. With pin 2 
at a lower voltage than pin 1, current through Q10 (see 
Figure 3 ) increases and the amplifier’s gain increases. With 
v cont = 4V, the amplifier’s gain is maximum. 

If the contrast voltage at pin 8 is less than 2V then Q36’s 
collector current decreases and Q38’s base is pulled above 
5.3V. With pin 2 voltage greater than pin 1 voltage, less 
current flows through Q10 (see Figure 3), consequently the 
amplifier’s gain decreases. With V con t = 0V, the amplifier’s 
gain is minimum (i.e., maximum attenuation). 



v C c 


VIDEO OUTPUT 


GROUND 


FIGURE 4. Simplified Schematic of LM1202 Video Amplifier Output Stage 


TL/H/1 1440-5 
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FIGURE 5. Simplified Schematic of 
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2 Contrast Control 


Circuit Description (Continued) 






CLAMP GATE AND CLAMP COMPARATOR SECTION 


Circuit Description (Continued) 

DRIVE CONTROL SECTION 

A simplified schematic of the LM1202's drive control section 
is shown in Figure 6 . A OV to 4V DC voltage is applied at 
the drive control input (pin 9). Transistors Q49, Q50 and 
Q54 buffer and level shift the contrast voltage to the base of 
Q56. The voltage at the emitter of Q56 equals the drive 
voltage, V dr j V e and the current through Q56’s collector is 
given by Ic56 = V drive /R43. 

Transistor Q56’s collector current is used to unbalance the 
current through the differential pair comprised of Q58 and 
Q60. Q60’s base is internally biased at 7.3 V and connected 
to the base of Q12 (see Figure 3). Q58’s base is internally 
connected to the base of Q1 1 (see Figure 3 ). With V cont = 
2V, the differential pair (Q58, Q60) is balanced and the volt- 
age at the bases of Q1 1 and Q12 is 7.3V. Under this condi- 
tion, QIO’s collector current is equally split between Q11 
and Q12 (see Figure 3). If the drive voltage at pin 9 is great- 
er than 2V then Q56’s collector current increases, thus pull- 
ing Q58’s collector node lower and consequently moving 
Q58’s base below 7.3V. With base of Q1 1 below 7.3V, cur- 
rent through Q12 (see Figure 3) increases and the amplifi- 
er’s gain increases. With V dr j ve = 4V, the amplifier’s gain is 
maximum under maximum contrast condition (i.e., V cont = 
4 V). 

If the drive voltage at pin 8 is less than 2 V then Q56’s col- 
lector current decreases and Q58’s base is pulled above 
7.3V. With base of Q1 1 greater than 7.3V, less current flows 
through Q12 (see Figure 3), consequently the amplifier’s 
gain decreases. With V dr j V e = OV, the amplifier’s gain is 
6 dB less than the maximum gain. 


Figures 7 and 8 show simplified schematics of the clamp 
gate and clamp comparator circuits. The clamp gate circuit 
(Figure 7) consists of a PNP input buffer transistor (Q82), a 
PNP emitter coupled pair (Q85 and Q86) referenced on one 
side to 2.1 V and an output switch transistor Q89. When the 
clamp gate input at pin 14 is high (> 1 .5V) the Q89 switch is 
on and shunts the 200 jmA current from current source Q90 
to ground. When pin 14 is low (< 1.3V) the Q89 switch is off 
and the 200 juiA current is mirrored by the current mirror 
comprised of Q91 and Q75 (see Figure 8). Consequently 
the clamp comparator comprised of the differential pair Q74 
and Q77 is enabled. The input of the clamp comparator is 
similar to the clamp gate except that an NPN emitter cou- 
pled pair is used to control the current that will charge or 
discharge the clamp capacitor externally connected from 
pin 12 to ground. PNP transistors are used at the inputs 
because they offer a number of advantages over NPNs. 
PNPs will operate with base voltages at or near ground and 
will usually have a greater emitter base breakdown voltage 
(BVebo). Because the differential input voltage to the clamp 
comparator during the video scan period could be greater 
than the BVebo of NPN transistors, a resistor (R63) with a 
value one half that of R60 or R68 is connected between the 
bases of Q71 and Q79. The clamp comparator’s common 
mode range is from ground to approximately 9V and the 
maximum differential input voltage is Vcc- 


2 
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Circuit Description (Continued) 
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Circuit Description (Continued) 



2-32 





Applications of the LM1202 

SINGLE VIDEO CHANNEL 

A typical application for a single video channel is shown in 
Figure 9. The video signal is AC coupled to pin 6. The 
LM1202 internally biases the video signal to 2.6 Vpc- Con- 
trast control is achieved by applying a OV to 4V DC voltage 
at pin 8. The amplifier’s gain is minimum (i.e., maximum sig- 
nal attenuation) if pin 8 is at OV and is maximum if pin 8 is at 
4V. With pin 9 (drive control) at OV, the amplifier has a maxi- 
mum gain of 10. 

For DC restoration, a clamp signal must be applied to the 
clamp gate input (pin 1 4). The clamp signal should be logic 
low (less than 0.8V) only during the back porch (black level 
reference period) interval (see Figure 2). The clamp gate 
input is TTL compatible. Brightness control is provided by 
applying a OV to 4V DC voltage at pin 1 9. For example, if pin 
19 is biased at IV then the video signal’s black level will be 
clamped at IV. A 510ft load resistor is connected from the 
video output pin (pin 17) to ground. This resistor biases the 
output stage of the amplifier. For power dissipation consid- 
erations, the load resistor should not be much less than 
510ft. 


RGB VIDEO PREAMPLIFIER 

Figure 10 shows an RGB video preamplifier circuit using 
three LM1 202s. Note that pins 1 and 2 of IC1 are connected 
to pins 1 and 2 of IC2 and IC3 respectively. This allows IC1 
to provide a master contrast control and optimum contrast 
tracking. Adjusting the contrast voltage at pin 8 of IC1 will 
vary the gain of all three video channels. Drive control input 
(pin 9) of each LM1202 allows individual gain adjustment for 
achieving white balance. 

The black level of each video channel can be individually 
adjusted to the desired voltage by adjusting the voltage at 
pin 19. In a DC-coupled cathode drive application, adjusting 
the voltage at pin 1 9 of each 1C will provide cutoff adjust- 
ment. In an AC-coupled cathode drive application, the video 
signal is AC coupled and DC restored at the cathode. In 
such an application, the video signal’s black level may be 
clamped to the desired level by simply biasing pin 1 9 to the 
black level voltage by using a voltage divider at pin 19. 
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Applications of the LM1202 (Continued) 
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Applications of the LM1202 (Contiriued) 


#100 



TL/H/1 1440-11 

FIGURE 10. Typical RGB Application with Contrast, Drive and Black Level (Cutoff) Control 
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Power Down Characteristics 

The LM1202 includes a built-in power down spot killer to 
prevent a flash on the screen upon power down. The 
LM1202’s output voltage decreases as the device is being 
powered down, thus preventing a flash on the screen. In 
some preamplifiers, the video output signal may go high as 
the device is being powered down. This may cause a whiter- 
than-white level at the output of the CRT driver, thus caus- 
ing a flash on the screen. 


PC Board Layout Considerations 

For optimum performance and stable operation, a double- 
sided printed circuit board with adequate ground plane and 
power supply decoupling as close to the Vcc pins as possi- 
ble is recommended. For suggestions on optimum PC board 
layout, please see the reference section below. 

Reference 

Ott, Henry W, Noise Reduction Techniques in Electronic 
Systems, John Wiley & Sons, New York, 1976. 
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LM1203 RGB Video Amplifier System 


General Description 

The LM1203 is a wideband video amplifier system intended 
for high resolution RGB color monitor applications. In addi- 
tion to three matched video amplifiers, the LM1203 contains 
three gated differential input black level clamp comparators 
for brightness control and three matched attenuator circuits 
for contrast control. Each video amplifier contains a gain set 
or “Drive” node for setting maximum system gain (Av = 4 
to 10) as well as providing trim capability. The LM1203 also 
contains a voltage reference for the video inputs. For high 
resolution monochrome monitor applications see the 
LM1201 Video Amplifier System datasheet. 

Block and Connection Diagram 


Features 

■ Three wideband video amplifiers (70 MHz @ -3dB) 

■ Inherently matched (±0.1 dB or 1.2%) attenuators for 
contrast control 

■ Three externally gated comparators for brightness con- 
trol 

■ Provisions for independent gain control (Drive) of each 
video amplifier 

■ Video input voltage reference 

■ Low impedance output driver 


LM1203 RGB AMP 
(TOP VIEW) 


CONTRAST CAP 2 


CONTRAST CAP 3 


R VIDEO IN 4 


27 R DRIVE 


26 R CLAMP(-) 


25 R VIDEO OUT 


R CLAMP CAP 5 


24 R CLAMP(+) 


G VIDEO IN 6 


22 G DRIVE 


G CLAMP CAP 8 


B VIDEO IN 9 


B CLAMP CAP 10 


■ii 


V REF 11 M 2.4V I I CONTRAST 
I I REF I I CONTROL 
CONTRAST 12 | 


■ ■ 


21 G CLAMP(-) 


20 G VIDEO OUT 


19 G CLAMP(+) 


17 B CLAMP(-) 


16 B VIDEO OUT 


CLAMP GATE 14 


15 BCLAMP(+) 


FIGURE 1 

Order Number LM1203N 
See NS Package Number N28B 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vcc Pins 1,13, 23, 28 
(Note 1) , ' Vv " M3.5V # 

Voltage at Any Input Pin, V|n Vcc ^ V IN ^ GND 

Video Output Current, 116, 20 or 25 V 28 mA 

Power Dissipation, Pp j ; ^ : 2.5W r 

(Above 25°C) Derate Based on 0 ja and Tj 
Thermal Resistance, Oja 50°C/W 

Junction Temperature, Tj 150°C 


Storage T emperature Range, T stg - 65°C to + 1 50°C 

Lead T emperature, (Soldering, 1 0 sec.) 265°C 

ESD susceptibility 1 kV 

Human body model: 1 00 pF discharged through a 1 .5 ka 
resistor 4 1 

Operating Ratings (Notes) 

Temperature Range 0°C to 70°C 

Supply Voltage (V C c) 1 0.8V ^ Vcc ^ 1 3.2V 


Electrical Characteristics see Test Circuit (Figure 2 ), T a = 25°b; Vcci = V CC 2 = 12V 
DC Static TeStS S17, 21, 26 Open; V12 = 6V; V14 = 0V; V15 = 2.0V unless otherwise stated 


Conditions 


Limit (Note 2) Limit (Note 3) 


Units 

(Limits) 


Is Supply Current | Vcc 1 only 

V 1 1 Video I nput Reference Voltage ; 


lb I Video Input Bias Current 

Clamp Gate Low Input Voltage 


Clamp Gate High Input Voltage 


Clamp Gate Low Input Current 


piamp Gate High Input Current 


Clamp Cap Charge Current 


Clamp Cap Discharge Current 


Vol Video Output Low Voltage 


Voh Video Output High Voltage 


AVo(2V) Video Output Offset Voltage 


AVo(4V) k Video Output Offset Voltage 



Any One Amplifier 


Clamp Comparators On 


Clamp Comparators Off 


VI 4 = 0V 


V14 = 12V 


V5, 8 or 10 = 0V 


V5, 8 or 10 — 5 V 


V5, 8 or 10 = 0V 


V5, 8 or 1 0 = 5V 


Between Any Two Amplifiers 
V15 = 2V 


Between Any Two Amplifiers 
VI 5 = 4V 



AC Dynamic Tests si 7 , 21, 26 closed; vu 


Symbol 


Avmax 


AAv 5V 


AAv2V 


Av match 


AAv trackl 


f (—3 dB) 


Parameter 

Conditions > 

Video Amplifier Gain 

V12 = 12V, V, N = 560 mVp-p 

Attenuation @ 5V ...... . 

Ref: Av max, VI 2 = 5V 

Attenuation @ 2V 

Ref: Avmax, VI 2 = 2 V 

Absolute gain match @ Av max 

VI 2 = 12V (Note 5) 

Gain change between amplifiers 

VI 2 = 5V (Notes 5, 8) 

Gain change between amplifiers 

VI 2 = 2V (Notes 5, 8) 

Video Amplifier Distortion 

VI 2 = 3V, V 0 = 1 Vp-p 

Video Amplifier Bandwidth 

V12 = T2V, 

(Notes 4, 6) 

V 0 = 1 00 mV rms 

Output Rise Time (Note 4) 

Vo - 4 Vp-p 

Output Fall Time (Note 4) 

Vq = 4 Vp-p 


0V; VI 5 = 4V; unless otherwise stated 


Typ 


m Mk 


V/V(min) 
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ACD] 

ffiamic TGStS SI 7, 21, 26 Closed; V14 = 0V; VI 5 — 4V; unless otherwise stated (Continued) 

Symbol 

Parameter 

Conditions 

Typ 

Tested 

Limit (Note 2) 

Design 

Limit (Note 3) 

Units 

Vsep 

10 kHz 

Video Amplifier 10 kHz Isolation 

VI 2 = 12V (Note 7) 

-65 



dB 

Vsep 

10 MHz 

Video Amplifier 10 MHz Isolation 

VI 2 = 12V (Notes 4, 7) 

-46 



dB 


Note 1: Vcc supply pins 1,13, 23, 28 must be externally wired together to prevent internal damage during Vcc power on/off cycles. 

Note 2: These parameters are guaranteed and 100% production tested. 

Note 3: Design limits are guaranteed (but not 100% production tested). These limits are not used to calculate outgoing quality levels. 

Note 4: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board without socket is recommend- 
ed. Video Amplifier 10 MHz isolation test also requires this printed circuit board. 

Note 5: Measure gain difference between any two amplifiers. V| N = 1 Vp-p. 

Note 6: Adjust input frequency from 10 kHz (Av max ref level) to the -3 dB corner frequency (f -3 dB). 

Note 7: Measure output levels of the other two undriven amplifiers relative to driven amplifier to determine channel separation. Terminate the undriven amplifier 
inputs to simulate generator loading. Repeat test at f|N = 10 MHz for Vsep =10 MHz. 

Note 8: AAv track is a measure of the ability of any two amplifiers to track each other and quantifies the matching of the three attenuators. It is the difference in 
gain change between any two amplifiers with the Contrast Voltage VI 2 at either 5V or 2V measured relative to an Av max condition VI 2 = 12V. For example, at 
Av max the three amplifiers gains might be 17.4 dB, 16.9 dB, and 16.4 dB and change to 7.3 dB, 6.9 dB, and 6.5 dB respectively for VI 2 = 5V. This yields the 
measured typical ±0.1 dB channel tracking. 

Note 9: Operating Ratings indicate conditions for which the device is functional. See Electrical Specifications for guaranteed performance limits. 
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Typical Performance Characteristics 


Contrast vs Frequency 


Crosstalk vs Frequency 




Frequency (Hz) 


Frequency (Hz) 


TL/H/9178-12 


Frequency Response Using 
Various Peaking Caps 



1M 10M 100M 


Frequency (Hz) 

TL/H/9178-13 


Attenuation vs Contrast Voltage 



■70 1, L., 1 -I -L... I. I -I. I 

0123456789 10 11 12 


Contrast Voltage VI 2 (V) 

Tl/H/9178-14 


Pulse Response 


Rise & Fall Times 
Vert. = IV/Div. 
Horiz. = 10 ns/Div. 


- GND 

TL/H/9178-15 
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Applications Information 

Figure 4 shows the block diagram of a typical analog RGB 
color monitor. The RGB monitor is used with CAD/CAM 
work stations, PC’s, arcade games and in a wide range of 
other applications that benefit from the use of color display 
terminals. The RGB color monitor characteristics may differ 
in such ways as sweep rates, screen size, CRT color trio 
spacing (dot pitch), or in video amplifier bandwidths but will 
still be generally configured as shown in Figure 4. Separate 
horizontal and vertical sync signals may be required or they 
may be contained in the green video input signal. The video 
input signals are usually supplied by coax cable which is 
terminated in 750 at the monitor input and internally ac cou- 


pled to the video amplifiers. These input signals are approxi- 
mately 1 volt peak to peak in amplitude and at the input of 
the high voltage video section, approximately 6V peak to 
peak. At the cathode of the CRT the video signals can be as 
high as 60V peak to peak. One important requirement of the 
three video amplifiers is that they match and track each 
other over the contrast and brightness control range. The 
Figure 4 block labeled “VIDEO AMPLIFICATION WITH 
GAIN AND DC CONTROL” describes the function of the 
LM1203 which contains the three matched video amplifiers, 
contrast control and brightness control. 
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Circuit Description 

Figure 5 is a block diagram of one of the video amplifiers 
along with the contrast and brightness controls. The con- 
trast control is a dc-operated attenuator which varies the ac 
gain of all three amplifiers simultaneously while not introduc- 
ing any signal distortions or tracking errors. The brightness 
control function requires a “sample and hold” circuit (black 
level clamp) which holds the dc bias of the video amplifiers 
and CRT cathodes constant during the black level reference 
portion of the video waveform. The clamp comparator, 
when gated on during this reference period, will charge or 
discharge the clamp capacitor until the plus input of the 
clamp comparator matches that of the minus input voltage 
which was set by the brightness control. 

Figure 6 is a simplified schematic of one of the three video 
amplifiers along with the recommended external compo- 
nents. The 1C pin numbers are circled with all external com- 
ponents shown outside of the dashed line. The video input 
is applied to pin 6 via the 1 0 jut F coupling capacitor. DC bias 


to the video input is through the 10 kn resistor which is 
connected to the 2.4V reference at pin 1 1 . The low frequen- 
cy roll-off of the amplifier is set by these two components. 
Transistor Q1 buffers the video signal to the base of Q2. 
The Q2 collector current is then directed to the V<x 1 sup- 
ply directly or through the 1 k load resistor depending upon 
the differential DC voltage at the bases of Q3 and Q4. The 
Q3 and Q4 differential base voltage is determined by the 
contrast control circuit which is described below. RF decou- 
pling capacitors are required at pins 2 and 3 to insure high 
frequency isolation between the three video amplifiers 
which share these common connections. The black level dc 
voltage at the collector of Q4 is maintained by Q5 and Q6 
which are part of the black level clamp circuit also described 
below. The video signal appearing at the collector of Q4 is 
then buffered by Q7 and level shifted down by Z1 and Q8 to 
the base of Q9 which will then provide additional system 
gain. 


LM1203 
LOW VOLTAGE 

utnrn 


By' SYNC L. 

TIP IF— ► U I— 
AVAILABLE . \ i 



CLAMP I 

mparatorI 


BRIGHTNESS 1 
CONTROL -±* 

) CLAMP GATE IN 


EXTERNAL 
HIGH VOLTAGE 
VIDEO 



FIGURE 5. Block Diagram of LM1203 Video Amplifier with Contrast and Black Level Control 
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FIGURE 6. Simplified LM1203 Video Amplifier Section with Recommended External Components 
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Circuit Description (Continued) 

The “Drive” pin will allow the user to trim the Q9 gain of 
each amplifier to correct for differences in the CRT and high 
voltage cathode driver gain stages. A small capacitor 
(33 pF) at this pin will extend the high frequency gain of the 
video amplifier by compensating for some of the internal 
high frequency roll off. To use this capacitor and still provide 
variable gain adjustment, the 51 ft and series 100ft pot 
should be used with the red and green drive pins. The 91 ft 
resistor used with the blue drive pin will set the system gain 
to approximately 6.2 and allow adjustment of the red and 
green gains to 6.2 plus or minus 25%. The video signal at 
the collector of Q9 is buffered and level shifted down by 
Q1 0 and Q1 1 to the base of the output emitter follower Q1 2. 
Between the emitter of Q12 and the video output pin is a 
40ft resistor which was included to prevent spurious oscilla- 
tions when driving capacitive loads. An external emitter re- 
sistor must be added between the video output pin and 
ground. The value of this resistor should not be less than 
390ft or package power limitations may be exceeded when 
worst case (high supply, max supply current, max temp) cal- 
culations are made. If negative going pulse slewing is a 
problem because of high capacitive loads (> 10 pF), a more 
efficient method of emitter pull down would be to connect a 
suitable resistor to a negative supply voltage. This has the 
effect of a current source pull down when the minus supply 
voltage is -12V and the emitter current is approximately 


1 0 mA. The system gain will also increase slightly because 
less signal will be lost across the internal 40ft resistor. Pre- 
cautions must be taken to prevent the video output pin from 
going below ground because 1C substrate currents may 
cause erratic operation. The collector currents from the vid- 
eo output transistors are returned to the power supply at 
Vcc 2 pin 23. When making power dissipation calculations 
note that the data sheet specifies only the Vcc 1 supply 
current at 12V. The 1C power dissipation contribution of 
Vcc 2 is dependent upon the video output emitter pull down 
load. 

In applications that require video amplifier shut down be- 
cause of fault conditions detected by monitor protection cir- 
cuits, pin 1 1 and the wiper arms of the contrast and bright- 
ness controls can be grounded without harming the 1C. This 
assumes some series resistance between the top of the 
control pots and Vcc- 

Figure 7 shows the internal construction of the pin 1 1 2.4V 
reference circuit which is used to provide temperature and 
supply voltage tracking compensation for the video amplifier 
inputs. The value of the external DC biasing resistors should 
not be larger than 1 0 kft because minor differences in input 
bias currents to the individual video amplifiers may cause 
offsets in gain. 



FIGURE 7. LM1203 Video Input Voltage Reference and Contrast Control Circuits 


TL/H/9178-7 
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Circuit Description (Continued) 

Figure 7 also shows how the contrast control circuit is con- the 1 1 850 /nA current to ground. When pin 1 4 is low ( < 1 .3V) 
figured: Resistors R23, 24, diodes D3, 4 and transistor Q13 the Q21 switch is off and the II 850 jutA current source is 

are used to establish a low impedance zero TC half supply mirrored or “turned around” by reference diode D5 and Q26 

voltage reference at the base of Q14. The differential ampli- to provide a 850 \ik current source for the clamp compara- 
tor formed by Q15, 16 and feedback transistor Q1 7 along tor(s). The inputs to the comparator are similar to the clamp 

with resistors R27, 28 establish a diferential base voltage gate input except that an NPN emitter coupled pair is used 

for Q3 and Q4 in Figure 6. When externally adding or sub- to control the current which will charge or discharge the 

tracting current from the collector of Q16, a new differential clamp capacitors at pins 5, 8, or 10. PNP transistors are 

voltage is generated that reflects the change in the ratio of used at the inputs because they offer a number of advan- 

Currents in Q1 5 and Q1 6. To provide voltage control of the tages over NPNs. PNPs will operate with base voltages at or 

Q16 current, resistor R29 is added between the Q16 collec- near ground and will usually have a greater reverse emitter 

tor and pin 12, A capacitor should be added from pin 12 to base breakdown voltage (BVebo). Because the differential 

ground to prevent noise from the contrast control pot from input voltage to the clamp comparator during the video scan 

entering the 1C. period Could be greater than the BVebo of NPN transistors a 

Figure d is a simplified schematic of the clamp gate and resistor (R34) with a value one half that of R33 or R35 is 
clamp comparator sections of the LM1203. The clamp gate connected between the bases of Q23 and Q27. Thisresis- 
circuit consists of a PNP input buffer transistor (Q1 8), a PNP t° r the maximum differential input to Q24, 25 to 

emitter coupled pair referenced on one side to 2.1V (Q1 9, approximately 350 mV. The clamp comparator common 

20) and an output switch (Q21). When the clamp gate input mode range is from ground to approximately 9V and the 

at pin 14 is high (> 1 .5V) the Q21 switch is on and shunts maximum differential input voltage is Vqc and ground. 



TL/H/9178-8 

FIGURE 8. Simplified Schematic of LM1203 Clamp Gate and Clamp Comparator Circuits 
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Additional Applications of the LM1203 

Figure 9 shows how the LM1203 can be set up as a video 
buffer which could be used in low cost video switcher appli- 
cations. Pin 14 is tied high to turn off the clamp compara- 
tors. The comparator input pins should be grounded as 
shown. Sync tip (black level if sync is not included) clamping 
is provided by diodes at the amplifier inputs. Note that the 
clamp cap pins are tied to the Pin 1 1 2.4V reference. This 
was done, along with the choice of 200a for the drive pin 
resistor, to establish an optimum DC output voltage. The 


contrast control (Pin 12) will provide the necessary gain or 
attenuation required for channel balancing. Changing the 
contrast control setting will cause minor DC shifts at the 
amplifier output which will not be objectionable as the out- 
put is AC coupled to the load. The dual NPN/PNP emitter 
follower will provide a low impedance output drive to the AC 
coupled 75H output impedance setting resistor. The dual 
500 jutF capacitors will set the low frequency response to 
approximately 4 Hz. 
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FIGURE 9. RGB Video Buffer with Diode Sync Tip Clamps and 75a Cable Driver 
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Additional Applications of the LM1203 

When diode 04 at Pin 1 1 is switched to ground the input 
video signals will be DC shifted down and clamped at a 
voltage near ground (approximately 250 mV). This will dis- 
able the video amplifiers and force the output DC level low. 

The DC outputs from other similarly configured LM 1203s 
could overide this lower DC level and provide the output 
signals to the 7511 cable drivers. In this case any additional 
LM 1203s would share the same 39011 output resistor. The 
maximum DC plus peak white output voltage should not be 
allowed to exceed 7V because the “off” amplifier output 
stage could suffer internal zener damage. See Figure 3 and 
text for a description of the internal configuration of the vid- 
eo amplifier. 


(Continued) 

Figure 10 shows the configuration for a three channel high 
frequency amplifier with non gated DC feedback. Pin 1 4 is 
tied low to turn on the clamp comparators (feedback amplifi- 
ers). The inverting inputs (Pins 17, 21, 26) are connected to 
the amplifier outputs from a low pass filter. Additional low 
frequency filtering is provided by the clamp caps. The drive 
resistors can be made variable or fixed at values between 0 
and 30011. Maximum output swings are achieved when the 
DC output is set to approximately 4V. The high frequency 
response will be dependent upon external peaking at the 
drive pins. 



TL/H/9178-10 

FIGURE 10. Three Channel High Frequency Amplifier with Non-gated DC Feedback (Non-video Applications) 
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PC Board with Components 
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Amplifier System 


LM1203A 

150 MHz RGB Video 

General Description 

The LM1203A is an improved version of the popular 
LM1203 wideband video amplifier system. The device is in- 
tended for high resolution RGB CRT monitors. In addition to 
three matched video amplifiers, the LM1203A contains 
three gated differential input black level clamp comparators 
for brightness control and three matched attenuator circuits 
for contrast control. Each video amplifier contains a gain set 
or “Drive” node for setting maximum system gain or provid- 
ing gain trim capability for white balance. The LM1 203 A also 
contains a voltage reference for the video inputs. The 
LM1203A is pin and function compatible with the LM1203. 

Features 

■ Three wideband video amplifiers 150 MHz @ -3 dB 

■ Matched (±0.1 dB or 1.2%) attenuators for contrast 
control 


■ Three externally gated comparators for brightness 
control 

■ Provisions for individual gain control (Drive) of each 
video amplifier 

■ Video input voltage reference 

■ Low impedance output driver 

Improvements over LM1203 

■ 150 MHz vs 70 MHz bandwidth 

■ Vqut low: 0.15V vs 0.9V 

■ t r , tf: 4 ns vs 7 ns 

■ Built in power down spot killer 

Applications 

■ High resolution RGB CRT monitors 

■ Video AGC amplifiers 

■ Wideband amplifiers with gain and DC offset controls 


Block and Connection Diagrams 

28 V cc 1 
27 R DRIVE 
26 R CLAMP(-) 
25 R VIDEO OUT 
24 R CLAMP(+) 
23 V CC 2 
22 6 DRIVE 
21 G CLAMP(-) 
20 G VIDEO OUT 
19 G CLAMP(+) 
18 B DRIVE 
17 B CLAMP(-) 
16 B VIDEO OUT 
15 B CLAMP(+) 

FIGURE 1 


CONTRAST CAP 2 


CONTRAST CAP 3 


R VIDEO IN 4 


R CLAMP CAP 5 


G VIDEO IN 6 


G CLAMP CAP 8 


B VIDEO IN 9 


B CLAMP CAP 10 


V REF 11 


CONTRAST 12 


CLAMP GATE 14 



TL/H/1 1441-1 


Order Number LM1203AN 
See NS Package Number N28B 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) 

Pins 1,13, 23, 28 (Note 3) 1 3.5V 

Peak Video Output Source Current 
(Any One Amp) Pins 1 6, 20 or 25 28 mA 

Voltage at Any Input Pin (Vin) Vcc ^ Vin ^ GND 

Power Dissipation, (Pq) (Above 25°C derate 
based on 0 ja and Tj) 2.5W 


Thermal Resistance (0ja) 50°C/W 

Junction T emperature (Tj) 1 50°C 

ESD Susceptibility (Note 4) 2 kV 

Storage T emperature - 65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec.) 265°C 

Operating Ratings (Note 2) 

T emperature Range - 20°C to + 80°C 


Supply Voltage (V C c) 


— 20°C to +80°C 
10.8V £ V C c ^ 13.2V 


DC Electrical Characteristics See Test Circuit (Figure 2 ), T A = 25”C; Vcci = V CC 2 = 12V.S17,21,26 
Open; VI 2 = 6V; VI 4 = 0V; VI 5 = 2.0V unless otherwise stated. 


Symbol 


Supply Current 




Conditions 


Vcci + Vcc2» Rl = 00 (Note 7) 


Typical Limit 
(Note 5) (Note 6) 


mA (max) 
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AC Electrical Characteristics See Test Circuit (Figure 2 ), Ta = 25°C; V C C 1 = V C C 2 = 12V.S17.21.26 
Closed; VI 4 = OV; VI 5 = 4V unless otherwise stated. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

Limit 
(Note 6) 

Units 

Av max 

Video Amplifier Gain 

VI 2 = 12V, V| N = 560 mVpp 

6.5 

4.5 

V/V (min) 

AA V 5V 

Attenuation @ 5 V 

Ref: A v max, VI 2 = 5V 

-8 


dB 

AA V 2V 

Attenuation @ 2V 

Ref: A v max, VI 2 = 2V 

-30 


dB 

A v match 

Absolute Gain Match @ Ay max 

VI 2 = 12V (Note 8) 

±0.3 


dB 

AAy track 1 

Gain Change Between Amplifiers 

VI 2 = 5V (Notes 8, 9) 

±0.1 


dB 

AAv track 2 

Gain Change Between Amplifiers 

VI 2 = 5V (Notes 8, 9) 

±0.3 


dB 

THD 

Video Amplifier Distortion 

V12 = 3V, V 0 = 1 Vpp 

1 


% 

f (-3dB) 

Video Amplifier Bandwidth 
(Notes 10, 11) 

V12 = 12V, V 0 = 4 Vpp 
(No External Peaking Capacitor) 



MHz 

f (—3 dB) 

Video Amplifier Bandwidth 
(Notes 10, 11) 

V12 = 12V, V 0 = 4 Vpp 

With 1 8 pF Peaking Cap from 

Pins 18, 22 and 27 toGND 



MHz 

tr 

Output Rise Time (Note 10) 

Vo = 4 Vpp 

(No External Peaking Capacitor) 

3 


ns 

tf 

Output Fall Time (Note 10) 

Vo = 4 Vpp 

(No External Peaking Capacitor) 

4 


ns 

Vsep 10 kHz 

Video Amplifier 1 0 kHz Isolation 

VI 2 = 12V (Note 12) 

-70 


dB 

Vsep 10 MHz 

Video Amplifier 10 MHz Isolation 

VI 2 - 12V (Notes 10, 12) 

-50 


dB 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 

Note 3: V C c supply pins 1,13, 23, 28 must be externally wired together to prevent internal damage during Vcc power on/off cycles. 

Note 4: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 5: Typical specifications are specified at +25°C and represent the most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: The supply current specified is the quiescent current for Vcci and Vcc2 with R L — oo, see Figure 2's test circuit. The supply current for Vcc2 (pin 23) also 
depends on the output load. With video output at 2V DC, the additional current through Vcc 2 is 18 mA for Figure 2’ s test circuit. 

Note 8: Measure gain difference between any two amplifiers. Vin = 1 Vpp. 

Note 9: A Ay track is a measure of the ability of any two amplifiers to track each other and quantifies the matching of the three attenuators. It is the difference in gain 
change between any two amplifiers with the contrast voltage (VI 2) at either 5 V or 2 V measured relative to an Ay max condition, VI 2 = 12V. For example, at 
Ay max the three amplifiers’ gains might be 17.4 dB, 16.9 dB and 16.4 dB and change to 7.3 dB, 6.9 dB, and 6.5 dB respectively for VI 2 = 5V. This yields the 
measured typical ±0.1 dB channel tracking. 

Note 10: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board without socket is 
recommended. Video amplifier 1 0 MHz isolation test also requires this printed circuit board. 

Note 11: Adjust input frequency from 10 kHz (Ay max reference level) to the -3 dB corner frequency (f _3 ae). 

Note 12: Measure output levels of the other two undriven amplifiers relative to the driven amplifier to determine channel separation. Terminate the undriven 
amplifier inputs to simulate generator loading. Repeat test at f|N = 10 MHz for V sep = 10 MHz. 
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TL/H/11441-,2 


Typical Performance Characteristics Vcc = 12V, Ta = 25°C unless otherwise specified 



100k 1M 10M 100M 


FREQUENCY (Hz) 


TL/H/11441-3 
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*47ft resistors are added to the input pins for protection against current surges coming from the 10 jmF capacitors. By increasing these resistors to well over 100ft 
the rise and fall times of the LM1203A can be increased for EMI considerations. 

FIGURE 3. LM 1203 A Typical Application 
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Applications Information 

Figure 4 shows the block diagram of a typical analog RGB 
color monitor. The RGB monitor is used with CAD/CAM 
work stations, PC’s, arcade games and in a wide range of 
other applications that benefit from the use of color display 
terminals. The RGB color monitor characteristics may differ 
in such ways as sweep rates, screen size, CRT color trio 
spacing (dot pitch), or in video amplifier bandwidths but will 
still be generally configured as shown in Figure 4. Separate 
horizontal and vertical sync signals may be required or they 
may be contained in the green video input signal. The video 
input signals are usually supplied by coax cable which is 
terminated in 75H at the monitor input and internally AC 
coupled to the video amplifiers. These input signals are ap- 
proximately IV peak to peak in amplitude and at the input of 
the high voltage video section, approximately 6V peak to 
peak. At the cathode of the CRT the video signals can be as 
high as 60 V peak to peak. One important requirement of the 
three video amplifiers is that they match and track each 
other over the contrast and brightness control range. The 
Figure 4 block labeled “VIDEO AMPLIFICATION WITH 
GAIN AND DC CONTROL” describes the function of the 
LM1203A which contains the three matched video amplifi- 
ers, contrast control and brightness control. 

Circuit Description 

Figure 5 is a block diagram of one of the video amplifiers 
along with the contrast and brightness controls. The con- 
trast control is a DC-operated attenuator which varies the 
AC gain of all three amplifiers simultaneously while not intro- 
ducing any signal distortions or tracking errors. The bright- 
ness control function requires a “sample and hold” circuit 
(black level clamp) which holds the DC bias of the video 
amplifiers and CRT cathodes constant during the black level 
reference portion of the video waveform. The clamp com- 
parator, when gated on during this reference period, will 
charge or discharge the clamp capacitor until the plus input 
of the clamp comparator matches that of the minus input 
voltage which was set by the brightness control. 


VIDEO AMPLIFIER SECTION 

Figure 6 is a simplified schematic of one of the three video 
amplifiers along with the recommended external compo- 
nents. The 1C pin numbers are circled and all external com- 
ponents are shown outside the dashed line. The video input 
is applied to pin 6 via a 10 julF coupling capacitor. DC bias 
for the video input is through the 10k resistor connected to 
the 2.8V reference at pin 11. The low frequency roll-off of 
the amplifier is set by these two components. Transistor Q1 
buffers the video signal to the base of Q2. Q2’s collector 
current is then directed to the Vcci supply directly or 
through the 2k load resistor depending upon the differential 
DC voltage at the bases of Q3 and Q4. This differential DC 
voltage is generated by the contrast control circuit which is 
described in the following sections. A 0.01 p,F decoupling 
capacitor in series with a 30ft resistor is required between 
pins 2 and 3 to ensure high frequency isolation between the 
three video amplifiers which share these common connec- 
tions. The video signal is buffered by Q5 and Q6 and DC 
level shifted by the voltage drop across R5. The magnitude 
of the current through R5 is determined by the voltage at pin 
8. The voltage at pin 8 is set by the clamp comparator out- 
put current which charges or discharges the clamp hold ca- 
pacitor during the black level period of the video waveform. 
Transistors Q9 and Q10 are Darlington connected to ensure 
a minimum discharge of the clamp hold capacitor during the 
time that the clamp capacitor is gated off. Q7, Q8 and R6 
form a current mirror which sets a voltage at the base of 
Q1 1 . Q1 1 buffers the video signal to the base of Q12 which 
provides additional signal gain. The “Drive” pin allows the 
user to trim the Q1 2 gain of each amplifier to correct for gain 
differences in the CRT and high voltage cathode driver gain 
stages. A small capacitor (several pico-Farads) from the 
“Drive” pin to ground will cause high frequency peaking and 
slightly improve the amplifier’s bandwidth. 



FIGURE 4. Typical RGB Color Monitor Block Diagram 
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Circuit Description (Continued) 

For individual gain adjustment of each video channel, a 51ft 
resistor ih series with a 100ft potentiometer should be used 
with the red and green channel drive pins. A 91 ft resistor 
used with the blue channel drive pin sets the blue channel 
amplifier gain at approximately 6.2. The 100ft potentiometer 
at the red and green channel drive pins allow a gain of 6.2 
with ±25% gain adjustment The video signal at the collec- 
tor of 012 is buffered and level shifted down by Q13, Q14 
and Q15 to the base of the output emitter follower Q16. A 
50ft decoupling resistor is included in series with the emitter 
of Q16 and the video output pin so as to prevent oscillations 
when driving capacitive loads. An external resistor should 
be connected between the video output pin and ground. 


The value of this resistor should not be less than 390ft or 
else package power limitations may be exceeded under 
worst case conditions (high supply voltage, maximum cur- 
rent, maximum temperature). The collector current from the 
video output transistor of each video channel is returned to 
the power supply at Vcc2» pin 23. When making power dissi- 
pation calculations note that the data sheet specifies only 
the Vcci and Vqc 2 supply current at 12V supply voltage 
with no pull down resistor at the output (i.e., R L = <*>, see 
test circuit Figure 2). The 1C power dissipation due to V<X2 
is dependant upon the external video output pull down resis- 
tor. 
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Circuit Description (Continued) 

v cc 


+ 12V 



FIGURE 6. Simplified Schematic of LM1203A Video Amplifier Section with Recommended External Components 
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Circuit Description (Continued) 


INPUT REFERENCE AND CONTRAST CONTROL 
SECTION 

Figure 7 shows the input reference and contrast control cir- 
cuitry. A temperature compensated 2.8 V reference voltage 
is made available at pin 11. The external DC biasing resis- 
tors shown should not be larger than 10k because minor 
differences in input bias currents of the individual video am- 
plifiers may cause offsets in gain. Figure 7 also shows how 
the contrast control circuit is configured. R21, R22, Q22, 
Q23 and Q24 establish a low impedance zero TC half sup- 
ply voltage reference at the base of Q25. The differential 
amplifier formed by Q27, Q28 and feedback transistor Q29 
along with R28 and R29 establish a differential base voltage 
for Q3 and Q4 in Figure 6. When externally adding or sub- 
tracting current from the collector of Q28, a new differential 
voltage is generated that reflects the change in the ratio of 
currents in Q27 and Q28. To allow voltage control of the 
current through Q28, resistor R27 is added between the 
collector Q28 and pin 1 2. A capacitor should be connected 
from pin 12 to ground to prevent noise from the contrast 
control potentiometer from entering the 1C. 

CLAMP GATE AND CLAMP COMPARATOR SECTION 

Figures 8 and 9 show simplified schematics of the clamp 
gate and clamp comparator circuits. The clamp gate circuit 



FIGURE 7. Simplified Schematic of LM1203A Video Input Reference and Contrast Control Circuits 


(Figure 8) consists of a PNP input buffer transistor (Q46), a 
PNP emitter coupled pair (Q47 and Q49) referenced on one 
side to 2.1 V and an output switch transistor Q53. When the 
clamp gate input at pin 14 is high (> 1 .5V) the Q53 switch is 
on and shunts the 200 jmA current from current source Q54 
to ground. When pin 14 is low (<1.3V) the Q53 switch is off 
and the 200 ju,A current is mirrored by the current mirror 
comprised of Q55 and Q36 (see Figure 9). Consequently 
the clamp comparator comprised of the differential pair Q35 
and Q37 is enabled. The input of each clamp comparator is 
similar to the clamp gate except than an NPN emitter cou- 
pled pair is used to control the current that will charge or 
discharge the clamp capacitors at pins 5, 8 and 10. PNP 
transistors are used at the inputs because they offer a num- 
ber of advantages over NPNs. PNPs will operate with base 
voltages at or near ground and will usually have a greater 
emitter base breakdown voltage (BVebo). Because the dif- 
ferential input voltage to the clamp comparator during the 
video scan period could be greater than the BVebo of NPN 
transistors, a resistor (R37) with a value one half that of R36 
or R39 is connected between the bases of Q34 and Q38. 
The clamp comparator’s common mode range is from 
ground to approximately 9V and the maximum differential 
input voltage is Vcc and ground. 
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Circuit Description (Continued) 


v cc 



TL/H/1 1441 -12 

FIGURE 8. Simplified Schematic of LM1203A Clamp Gate Circuit 
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Circuit Description (Continued) 


r — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — i 



FIGURE 9. Simplif ied Schematic of LM1203A Clamp Comparator Circuits 


TL/H/11441-13 
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Additional Applications of the LM1203A 

Figure 10 shows the configuration for a three channel high 
frequency amplifier with non gated DC feedback. Pin 14 is 
tied low to turn on the clamp comparators (feedback amplifi- 
ers). The inverting inputs (Pins 17, 21, 26) are connected to 
the amplifier outputs from a low pass filter. Additional low 
frequency filtering is provided by the clamp caps. The drive 
resistors can be made variable or fixed at values between 
OH and 300ft. Maximum output swings are achieved when 
the DC output is set to approximately 4 V. The high frequen- 
cy response will be dependent upon external peaking at the 
drive pins. 


Figure 11 shows a complete RGB video preamplifier circuit 
using the LM1203A. A quad Exclusive-OR gate 
(MM74HC86) is used to generate the back porch clamp sig- 
nal from the composite sync input signal. The composite H 


Sync input signal may have either polarity. The back porch 
clamp signal applied to LM1203A’s pin 14 allows clamping 
the video output signals to the black reference level, there- 
by providing DC restoration. The back porch clamp pulse 
width is determined by the time constant due to the product 
of R11 and Cl 5. For fast horizontal scan rates, the back 
porch clamp pulse width can be made narrower by decreas- 
ing the value of R1 1 or Cl 5 or both. Note that an MM74C86 
Exclusive-OR gate may also be used, however, the pin out 
is different than that of the MM74HC86. 

For optimum performance and maximum bandwidth, high 
speed buffer transistors (Q1 , Q2 and Q3 in Figure 1 1) are 
recommended. The 2N5770 NPN transistors maintain high 
speed at high currents when driving the inputs of high volt- 
age CRT drivers. 



TL/H/11441-14 

FIGURE 10. Three Channel High Frequency Amplifier with Non-gated DC Feedback (Non-video Application) 
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LM1203A vs LM1203 

LM1203A is an improved version of the LM1203 RGB video 
amplifier system and is pin and function compatible with the 
LM1203. LM1203A’s output voltage can swing as low as 
0.15V as opposed to 0.9V for the LM1203. This eliminates 
the need for a level shift stage between the preamplifier and 
the CRT driver in most applications. 

The LM1203A also offers faster rise and fall times of 4 ns vs 
7 ns for the LM1203 and 100 MHz bandwidth vs 70 MHz for 
LM1203. With a peaking capacitor across the drive resistor, 
LM1203A’s bandwidth can be extended t<? 150 MHz. Be- 
cause of LM1203A’s wide bandwidth, the device may oscil- 
late if plugged directly into an existing LM1203 board. For 
optimum performance and stable operation, a double sided 


printed circuit board with adequate ground plane and power 
supply decoupling as close to the Vcc pins as possible is 
recommended. Figure 12 shows the layout of the PC board 
for Figure 11’s circuit. For suggestions on optimum PC 
board layout, please see the reference section below. 

The LM1203A also includes a built-in power down spot killer 
to prevent a flash on the screen upon power down. In some 
preamplifiers, the video output signal may go high as the 
device is being powered down. This may cause a whiter 
than white level at the output of the CRT driver, thus caus- 
ing a flash on the screen. 

REFERENCE 

Ott, Henry W. Noise Reduction Techniques in Electronic 
Systems, John Wiley & Sons, New York, 1976. 
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LM1203B 

100 MHz RGB Video Amplifier System 


General Description 

The LM1203B is an improved version of the popular 
LM1203 wideband video amplifier system. The device is in- 
tended for high resolution RGB CRT monitors. In addition to 
three matched video amplifiers, the LM1203B contains 
three gated differential input black level clamp comparators 
for brightness control and three matched attenuator circuits 
for contrast control. Each video amplifier contains a gain set 
or “Drive” node for setting maximum system gain or provid- 
ing gain trim capability for white balance. The LM1203B also 
contains a voltage reference for the video inputs. The 
LM1203B is pin and function compatible with the LM1203. 

Applications 

■ High resolution RGB CRT monitors 

■ Video AGC amplifiers 

■ Wideband amplifiers with gain and DC offset controls 


Features 

■ Three wideband video amplifiers (100 MHz @ -3 dB) 

■ Matched (±0.1 dB or 1.2%) attenuators for 
contrast control 

■ Three externally gated comparators for 
brightness control 

■ Provisions for individual gain control (Drive) of each 
video amplifier 

■ Video input voltage reference 

■ Low impedance output driver 

■ Stable on a single sided board 

Improvements over LM1203 

■ 100 MHz vs 70 MHz bandwidth 

■ V 0 ut low: 0.15V vs 0.9V 

■ t r , tf: 3.7 ns vs 5 ns 

■ Built in power down spot killer 


Block and Connection Diagrams 


28-Lead Molded DIP 



28 V CC 1 
27 R DRIVE 
26 R CLAMP(-) 
25 R VIDEO OUT 
24 R CLAMP(+) 
23 V cc 2 
22 G DRIVE 
21 G CLAMP(-) 
20 G VIDEO OUT 
19 G CLAMP(+) 
18 B DRIVE 
17 B CLAMP(-) 
16 B VIDEO OUT 
15 B CLAMP(+) 


Order Number LM1203BN 
See NS Package Number N28B 


TL/H/1 1489-1 
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2.0 kV 
-65°C to + 1 50°C 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, ESD Susceptibility (Note 4) 2.( 

please contact the National Semiconductor Sales Storage Temperature -65°Cto+16 

Office/Distributors for availability and specifications. Lead j emperature 

Supply Voltage (Vcc) (Soldering, 1 0 seconds) ? 2€ 

Pins 1,13, 23, 28 (Note 3) 1 3.5V 

Peak Video Output Source Current Operating Ratings (Note 2) 

(Any 1 A) Pins 15, 20, or 25 28 mA Temperature Range -20“Cto+e 

Voltage at Any Input Pin (V, N ) Voc i V, N s GND Supply Voltage (Vcc) 10.8V <; Vcc * 15 

Power Dissipation (Pp) 

(Above 25°C Derate 

Based on 0 ja and Tj) 2.5W 

Thermal Resistance (0ja) 50°C/W 

Junction Temperature (Tj) 150°C 

DC Electrical Characteristics See Test Circuit (Figure 2), Ta = 25°C; Vcci = VCC 2 = 12V.S17,21,26 
Open; VI 2 = 6V; VI 4 = 0V; VI 5 = 2.0V unless otherwise stated. 


Operating Ratings (Note 2 ) 

T emperature Range - 20°C to + 80°C 

Supply Voltage (Vcc) 10.8V £ v cc ^ 13.2V 


Conditions 


Typical 
(Note 5) 


Limit 
(Note 6) 






Video Input Bias Current 
Clamp Gate Low Input Voltage 
Clamp Gate High Input Voltage 
Clamp Gate Low Input Current 
Clamp Gate High Input Current 
Clamp Cap Charge Current 
Clamp Cap Discharge Current 
Video Output Low Voltage 
Video Output High Voltage 


AV 0 (2V) 

Video Output Offset Voltage 

AVq(4V) 

Video Output Offset Voltage 


Any One Amplifier 
Clamp Comparators On 
Clamp Comparators Off 

V14 = 0V 

V14 = 12V 

V5, 8 or 10 = 0 V 
V5,8or 10 = 5V 
V5, 8 or 10 = 0V 
V5, 8, or 10 = 5V 


Between Any Two 
Amplifiers, VI 5 = 2 V 


Between Any Two 
Amplifiers, VI 5 = 4 V 



juA(max) 


jmA(rnax) 


jaA(min) 


jmA(min) 


V(max) 
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AC Electrical Characteristics see Test circuit (Figure 2>, t a = 25°c, v CC i = v CC2 = 12v.s17.21.26 

Closed; VI 4 = OV; VI 5 = 4V unless otherwise stated. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

Limit 
(Note 6) 

Units 

Av max 

Video Amplifier Gain 

VI 2 = 12V, V| N = 560 mVpp 

6.5 

4.5 

V/V(min) 

AV V 5V 

Attenuation @ 5V 

Ref: A v max. VI 2 = 5V 

-8 


dB 

AAv 2V 

Attenuation @ 2V 

Ref: A v max. VI 2 = 2V 

-30 


dB 

Av match 

Absolute Gain Match @ A v max 

VI 2 = 12V (Note 8) 

±0.3 


dB 

AA V track 1 

Gain Change between Amplifiers 

VI 2 = 5V (Notes 8, 9) 

±0.1 


dB 

AAv track 2 

Gain Change between Amplifiers 

VI 2 = 2V (Notes 8, 9) 

±0.3 


dB 

THD 

Video Amplifier Distortion 

V12 = 3V, V 0 = 1 Vpp 

1 


% 

f ( — 3 dB) 

Video Amplifier Bandwidth 
(Notes 10, 11) 

V12 = 12V, V 0 - 4 Vpp 
(With 36 pF Peaking Cap from 
Pins 18, 22 and 27 toGND) 

100 


MHz 

f (— 3 dB) 

Video Amplifier Bandwidth 
(Notes 10, 11) 

V12 = 12V, V 0 = 4 Vpp 
(No External Peaking Cap) 

60 


MHz 

t r /tf 

Output Rise/Fall Time 
(Note 10) 

V 0 = 4 Vpp (With 36 pF 

Peaking Cap from Pins 18, 

22 and 27 to GND) 

3.7 


ns 

tr 

Output Rise Time (Note 1 0) 

Vo = 4 Vpp (No External 
Peaking Capacitor) 

5.5 


ns 

tf 

Output Fall Time (Note 1 0) 

Vq = 4 Vpp (No External 
Peaking Capacitor) 

6.0 


ns 

Vsep 10 kHz 

Video Amplifier 10 kHz Isolation 

VI 2 = 12V (Note 12) 

-70 


dB 

Vsep 10 MHz 

Video Amplifier 10 MHz Isolation 

VI 2 = 12V (Notes 10, 12) 

-50 


dB 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 

Note 3: Vqc supply pins 1,13, 23, 28 must be externally wired together to prevent internal damage during V<x power on/off cycles. 

Note 4: Human body model, 100 pF discharged through a 1.5 kH resistor. 

Note 5: Typical specifications are specified at + 25°C and represent the most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: The supply current specified is the quiescent current for Vcci and Vcc 2 with R L = 00 , see Figure 2 ' s test circuit. The supply current for Vcc 2 (pin 23) also 
depends on the output load. With video output at 2V DC, the additional current through Vcc 2 is 1 8 mA for Figure 2 ’s test circuit. 

Note 8: Measure gain difference between any two amplifiers. Vin = 1 Vpp. 

Note 9: AAv track is a measure of the ability of any two amplifiers to track each other and quantifies the matching of the three attenuators. It is the difference in 
gain change between any two amplifiers with the contrast voltage (VI 2) at either 5V or 2 V measured relative to an Ay max condition, VI 2 = 12 V. For example, at 
A v max the three amplifiers’ gains might be 17.4 dB, 16.9 dB and 16.4 dB and change to 7.3 dB, 6.9 dB and 6.5 dB respectively for VI 2 = 5V. This yields the 
measured typical ±0.1 dB channel tracking. 

Note 10: When measuring video amplifier bandwidth or pulse rise and fall times, a single sided with ground plane printed circuit board without socket is 
recommended. Video amplifier 10 MHz isolation test also requires this printed circuit board. 

Note 11: Adjust input frequency from 10 kHz (Ay max reference level) to the -3 dB corner frequency (f -3 dB)- 

Note 12: Measure output levels of the other two undriven amplifiers relative to the driven amplifier to determine channel separation. Terminate the undriven 
amplifier inputs to simulate generator loading. Repeat test at f|jsj = 10 MHz for V sep = 10 MHz. 
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Typical Performance Characteristics Vcc = 12V, Ta = 25°C unless otherwise specified 


Contrast vs Frequency 



FREQUENCY (Hz) 
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Typical Performance Characteristics Vcc = 12V, T A = 25°C unless otherwise specified (Continued) 

Crosstalk vs Frequency 
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FIGURE 3. LM1203B Typical Application 
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Applications Information 

Figure 4 shows the block diagram of a typical analog RGB 
color monitor. The RGB monitor is used with CAD/CAM 
work stations, PC’s, arcade games and in a wide range of 
other applications that benefit from the use of color display 
terminals. The RGB color monitor characteristics may differ 
in such ways as sweep rates, screen size, CRT color trio 
spacing (dot pitch), or in video amplifier bandwidths but will 
still be generally configured as shown in Figure 4. Separate 
horizontal and vertical sync signals may be required or they 
may be contained in the green video input signal. The video 
input signals are usually supplied by coax cable which is 
terminated in 75H at the monitor input and internally AC 
coupled to the video amplifiers. These input signals are ap- 
proximately IV peak to peak in amplitude and at the input of 
the high voltage video section, approxmiately 5V peak to 
peak. At the cathode of the CRT the video signals can be as 
high as 60V peak to peak. One important requirement of the 
three video amplifiers is that they match and track each 
other over the contrast and brightness control range. The 


Figure 4 block labeled “VIDEO AMPLIFICATION WITH 
GAIN AND DC CONTROL” describes the function of the 
LM1203B which contains the three matched video amplifi- 
ers, contrast control and brightness control. 

Circuit Description 

Figure 5 is a block diagram of one of the video amplifiers 
along with the contrast and brightness controls. The con- 
trast control is a DC-operated attenuator which varies the 
AC gain of all three amplifiers simultaneously while not intro- 
ducing any signal distortions or tracking erros. The bright- 
ness control function requires a “sample and hold” circuit 
(black level clamp) which holds the DC bias of the video 
amplifiers and CRT cathodes constant during the black level 
reference portion of the video waveform. The clamp com- 
parator, when gated on during this reference period, will 
charge or discharge the clamp capacitor until the plus input 
of the clamp comparator matches that of the minus input 
voltage which was set by the brightness control. 



FIGURE 4. Typical RGB Color Monitor Block Diagram 


TL/H/1 1489-8 
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TL/H/1 1489-9 

FIGURE 5. Block Diagram of LM1203B Video Amplifier with Contrast and Black Level Control 
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Circuit Description (Continued) 

VIDEO AMPLIFIER SECTION 

Figure 6 is at simplified schematic of one of the three video 
amplifiers along with the recommended external compo- 
nents. The 1C pin numbers are circled and ail external com- 
ponents are shown outside the dashed line. The video input 
is applied to pin 6 via a 10 jaF coupling capacitor and a 47ft 
resistor. The resistor is added to limit the current through 
the input pin should the applied voltage rise above Vqc Or 
drop below ground. The performance of the LM1203B is not 
degraded by the 47ft resistor. However if EMI is a concern, 
this resistor can be increased to well over 100ft where the 
rise and fall times will become longer. DC bias for the video 
input is through the 10k resistor connected to the 2.8V refer- 
ence at pin 1 1. The loW frequency roll-off of the amplifier is 
set by the 10k resistor and the 10 /xF capacitor. Transistor 
Q1 buffers the video signal to the base of Q2. Q2’s collector 
current is then directed to the Vcci supply directly or 
through the 4k load resistor depending upon the differential 
DC voltage at the bases of Q3 and Q4. This differential DC 
voltage is generated by the contrast control circuit which is 
described in the following sections. A 0.01 jaF decoupling 
capacitor in series with a 30ft resistor is required between 
pins 2 and 3 to ensure high frequency isolation between the 
three video amplifiers which share these common connec- 


tions. The video sighaMs buffered by Q5 and Q6 and DC 
level shifted by the voltage drop across R5. The magnitude 
of the current through R5 is determined by the voltage at pin 
8. The voltage at pin 8 is set by the clamp comparator out- 
put current which charges or discharges the clamp hold ca- 
pacitor during the black level period of the video waveform. 
Transistors Q9 and Q10 are darlington connected to ensure 
a minimum discharge of the clamp hold capacitor during the 
time that the clamp capacitor is gated off. Q7, Q8 and R6 
form a current mirror which sets a voltage at the base of 
Q1 1 . Q1 1 buffers the video signal to the base of Q12 which 
provides additional signal gain. The “Drive” pin allows the 
user to trim the Q1 2 gain of each amplifier to Correct for gain 
differences in the CRT and high voltage cathode driver gain 
stages. A small capacitor (several pico-Farads) from the 
“Drive” pin to ground will cause high frequency peaking and 
Slightly improve the amplifier’s bandwidth. 

For individual gain adjustment of each video channel, a 51ft 
resistor in series with a 100ft potentiometer should be used 
with the red and green channel drive pins. A 91ft resistor 
used with the blue channel drive pin sets the blue channel 
amplifier gain at approximately 6.2. The 100ft potentiome- 
ters at the red and green channel drive pins allow a gain of 
6.2 With ±25% gain adjustment. The video signal at the 



LlO^F 

75 £ 10K : 


2.8V 

lOMF ^fc REE 
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FIGURE 6. Simplified Schematic of LM1203B Video Amplifier Section 
with Recommended External Components 
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Circuit Description (Continued) 

collector of Q12 is buffered and level shifted down by Q13, 
Q1 4 and Q1 5 to the base of the output emitter follower Q1 6. 
A 50ft decoupling resistor is included in series with the emit- 
ter of Q16 and the video output pin so as to prevent oscilla- 
tions when driving capacitive loads. An external resistor 
should be connected between the video output pin and 
ground. The value of this resistor should hot be less than 
390ft or else package power limitations may be exceeded 
under worse case conditions (high supply voltage, maximum 
current, maximum temperature). The collector current from 
the video output transistor of each video channel is returned 
to the power supply at Vcc2- P' n 23. When making power 
dissipation calculations note that the data sheet specifies 
only the Vcci and V<X2 supply current at 12V supply volt- 
age with no pull down resistor at the output (i.e., R|_ — 00 , 
see Test Circuit Figure 2). The 1C power dissipation due to 
Vcc 2 » s dependent upon the external video output pull down 
resistor. 


INPUT REFERENCE AND CONTRAST 
CONTROL SECTION 

Figure 7 shows the input reference and contrast control cir- 
cuitry. A temperature compensated 2.8V reference voltage 
is made available at pin 11. The external DC biasing resis- 
tors shown should not be larger than 10k because minor 
differences in input bias currents of the individual video am- 
plifiers may cause offsets in gain. Figure 7 also shows how 
the contrast control circuit is configured. R21, R22, Q22, 
Q23, and Q24 establish a low impedance zero TC half sup- 
ply voltage reference at the base of Q25. The differential 
amplifier formed by Q27, Q28 and feedback transistor Q29 
along with R28 and R29 establish a differential base voltage 
for Q3 and Q4 in Figure 6. When externally adding or sub- 
tracting current from the collector of Q28, a new differential 
voltage is generated that reflects the change in the ratio of 
currents in Q27 and Q28. To allow voltage control of the 
current through Q28, resistor R27 is added between the 
collector Q28 and pin 12. A capacitor should be connected 
from pin 12 to ground to prevent noise from the contrast 
control potentiometer from entering the 1C. 



Reference and Contrast Control Circuits 
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Circuit Description (Continued) 

CLAMP GATE AND CLAMP 
COMPARATOR SECTION 

Figures 8 and 9 show simplified schematics of the clamp 
gate and clamp comparator circuits. The clamp gate circuit 
(Figure 8) consists of a PNP input buffer transistor (Q46), a 
PNP emitter coupled pair (Q47 and Q49) referenced on one 
side to 2.1V and an output switch transistor Q53. When the 
clamp gate input at pin 14 is high (> 1.5V) the Q53 switch is 
on and shunts the 200 /xA current from current source Q54 
to ground. When pin 14 is low (< 1 .3V) the Q53 switch is off 
and the 200 jutA current is mirrored by the current mirror 
comprised of Q55 and Q36 (see Figure 9). Consequently 
the^ clamp comparator comprised of the differential pair Q35 
arid Q37 is enabled. The input of each clamp comparator is 


similar to the clamp gate except that an NPN emitter cou- 
pled pair is used to control the current that will charge or 
discharge the clamp capacitors at pins 5, 8, and 10. PNP 
transistors are used at the inputs because they offer a num- 
ber of advantages over NPNs. PNPs will operate with base 
voltages at or near ground and will usually have a greater 
emitter base breakdown voltage (BVebo). Because the dif- 
ferential input voltage to the clamp comparator during the 
video scan period could be greater than the BVebo of NPN 
transistors, a resistor (R37) with a value one half that of R36 
or R39 is connected between the bases of Q34 and Q38. 
The clamp comparator’s common mode range is from 
ground to approximately 9V and the maximum differential 
input voltage is V<x and ground. 
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Circuit Description (Continued) 
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Additional Applications of the LM1203B 

Figure 10 shows the configuration for a three channel high 
frequency amplifier with non gated DC feedback. Pin 14 is 
tied low to turn on the clamp comparators (feedback amplifi- 
ers). The inverting inputs (Pins 17, 21, 26) are connected to 
the amplifier outputs from a low pass filter. Additional low 
frequency filtering is provided by the clamp caps. The drive 


resistors can be made variable or fixed at values between 
Oft and 300ft. Maximum output swings are achieved when 
the DC output is set to approximately 4V. The high frequen- 
cy response will be dependent upon external peaking at the 
drive pins. 



TL/H/ 11489-14 

FIGURE 10. Three Channel High Frequency Amplifier with Non-Gated DC Feedback (Non-Video Applications) 
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Additional Applications of the LM1203B 

Figure 1 1 shows a complete RGB video preamplifier circuit 
using the LM1203B. A quad Exclusive-OR gate 
(MM74HC86) is used to generate the back porch clamp sig- 
nal from the composite sync input signal. The composite 
H Sync input signal may have either polarity. The back 
porch clamp signal applied to LM1203B’s pin 14 allows 
clamping the video output signals to the black reference 
level, thereby providing DC restoration. The back porch 
clamp pulse width is determined by the time constant due to 
the product of R11 and Cl 5. For fast horizontal scan rates, 


(Continued) 

the back porch clamp pulse width can be made narrower by 
decreasing the value of R11 or Cl 5 or both. Note that an 
MM74C86 Exclusive-Or gate may also be used, however, 
the pin out is different than that of the MM74HC86. 

For optimum performance and maximum bandwidth, high 
speed buffer transistors (Q1 , Q2, and Q3 in Figure 11) axe 
recommended. The 2N5770 NPN transistors maintain high 
speed at high currents when driving the inputs of high volt- 
age CRT drivers. 



FIGURE 11. LM1203B Applications Circuit 
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LM1203B versus LM1203 

LM1203B is an improved version of the LM1203 RGB video 
amplifier system and is pin and function compatible with the 
LM1203. LM1203B’s output voltage can swing as low as 
0.15V as opposed to 0.9V for the LM1203. This eliminates 
the need for a level shift stage between the preamplifier and 
the CRT driver in most applications. 

The LM1203B also offers faster rise and fall times of 3.7 ns 
versus 5 ns for the LM1203, resulting in 100 MHz bandwidth 
versus 70 MHz for LM1203. A peaking capacitor across the 
drive resistor is necessary to obtain these rise and fall times. 
The LM1203B is stable on a well layed out single sided PC 
board, but due to its wider bandwidth the device may oscil- 
late if plugged directly into an existing LM1203 board. For 
suggestions on optimum PC board layout, please refer to 
the PC board layout given in the LM1203A data sheet. The 
ground plane is not necessary for the LM1203B due to its 
lower bandwidth. 


The LM1203B also includes a built in power down spot killer 
to prevent a flash on the screen upon power down. In some 
preamplifiers, the video output signal may go high as the 
device is being powered down, This may cause a whiter 
than white level at the output of the CRT driver thus causing 
a flash on the screen. 

Reference 

Ott, Henry W., “Noise Reduction Techniques in Electronic 
Systems”, John Wiley & Sons, New York, 1976. 
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National Semiconductor 


LM1204 150 MHz RGB Video Amplifier System 


General Description 

The LM1204 is a triple 150 MHz video amplifier system 
designed specifically for high resolution RGB video display 
applications. In addition to three matched video amplifiers, 
the LM1204 contains a DC operated contrast control, a DC 
operated drive control for each amplifier, and a dual clamp- 
ing system for both brightness control and video blanking. 
The LM1204 also contains a back porch clamp pulse gener- 
ator which is activated by an externally supplied ±H/HV 
sync signal or by an external composite video signal. The 
± H/HV sync input will have priority over the composite vid- 
eo input. A single -H/HV sync output is provided for the 
automatically selected sync input signal. The back porch 
clamp pulse width is user adjustable from 0.3 jus to 4 ^s. 
The LM1204 video output stage will directly drive most 
Hybrid or discrete CRT amplfier input stages without the 
need for an external buffer transistor. The device has been 
designed to operate from a 1 2V supply with all DC controls 
operating over a 0V to 4V range providing for an easy inter- 
face to serial digital buss controlled monitors. 


Features 

■ Built-in video blanking function 

■ Built-in sync separator for composite video input 

■ Includes DC restoration of video signals 

■ Back porch clamp pulse width user adjustable 

■ DC control of brightness, contrast, blanking level, drive 
and cutoff 

■ DC controls are 0V to 4 V for easy interfacing to a 
digitally controlled system 

Key Specifications 

■ 150 MHz large signal bandwidth (typ) 

■ 2.3 ns rise/fall times (typ) 

■ 0.1 dB contrast tracking (typ) 

■ ±3 dB drive (A gain) adjustments on R, G, B channels 

(typ) 

Applications 

■ High resolution CRT monitors 

■ Video AGC amplifier 

■ Wideband amplifier with gain and DC offset control 


Block Diagram and Connection Diagram 

Top View 
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Ordering Information 

Order Number LM 1204V 
See NS Package Number V44A 
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Absolute Maximum Ratings (Note n 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Vcc 

Pins 2, 4, 6, 19, 31, 41, 44 (Note 3) 13.5V 

Peak Video Output Source Current 
(Any One Amplifier) Pins 30, 35 or 39 30 mA 

Voltage at Any Input Pin, Vin GND £ Vin ^ Vcc 

Maximum ± H Sync Input Voltage 5.5 Vpp 

Power Dissipation, PD (Above 25°G 
Derate Based on ^ja and Tj) 2.4W 


Thermal Resistance, 0 ja 52°C/W 

Junction Temperature, Tj 150°C 

ESD Susceptibility (Note 4) 2.5 kV 

Storage Temperature -65°C to 150°C 

Lead Temperature ^ : 

Vapor Phase (60 seconds) 215°C 

Infrared (15 seconds) 220°C 

Operating Ratings (Note 2> 

Temperature Range 0°Cto70°C 

Supply Voltage, V CC 1 0.8V <; V C c £ 1 3.2V 


DC Electrical Characteristics (Video Amplifier Section) 

The following specifications apply for Vcc (pins 2, 4, 6, 19, 31 , 36, 41 and 44) = 12V and Ta = 25°C unless otherwise specified. 
SI = B, S2 = B, S3, 4, 5 closed, V9, 13, 15 = 2V, V20, 21, 22, 24, 43 = 0.5V unless otherwise specified; see test circuit, 
Figure 1 . 



No Video or Sync Input 
Signals, SI = A 




Input Bias Current 

(Pin 9, 13, 15,20,21 or22) 


Blank Gate Input High Current 


Blank Gate Input Low Current 


Feedback Input Current 
(Pin 28, 33 or 38) 


Blank Cap Charge Current 


Blank Cap Discharge Current 


Blank Cap Bias Current (Pins 32, 37, 42) 


Clamp Cap Charge Current 


Blank Cap Discharge Current 


Clamp Cap Bias Current (Pins 5, 1 0, 1 4) 


Blank Gate High Input Voltage 


Blank Gate Low Input Voltage 


Blank Comparator Offset Voltage 


Video Output High Voltage 
(Pins 30, 35, 40) 


Video Output Low Voltage 
(Pins 30, 35,40) 


Common Mode Range of Blank 
Comparator (Pins 43, 28, 33, 38) 
















































































DC Electrical Characteristics (Sync Separator/Processor Section) 

The following specifications apply for V<x (Pins 2, 4, 6, 19, 31, 36, 41 and 44) = 12V and Ta = 25°C, unless otherwise 
specified. SI = B, S2 = B, S3, 4, 6 closed, V9, 13, 15 = 2V, V20, 21, 22, 24, 43 = 0.5V, unless otherwise specified; see Test 
Circuit Figure 1. 


Symbol 

-HVqh 

-HVql 


Conditions 



-H Sync Output Logic High (Pin 26) 


-H Sync Output Logic Low (Pin 26) 



Typical 
(Note 5) 


.2 


0.1 


AC Electrical Characteristics (Video Amplifier Section) 

The following specifications apply for V<x (Pins 2, 4, 6, 19, 31, 36, 41 and 44) = 12V and Ta = 25°C, unless otherwise 
specified. SI = B, S2 = B, S3, 4, 5 closed, V9, 13, 15, 21, 24, 43 = 4V, V20 = 2V, unless otherwise specified; see Test Circuit 
Figure 1. 


Symbol 

Parameter 

Rin 

Video Amplifier Input Resistance 

Avmax 

Maximum Video Amplifier Gain 

AAvtrack 

Amplifier Gain (Contrast) 

Tracking (Note 7) 

AA\/2V 

Attenuation at 2 V 

AAvo.5V 

Attenuation at 0.5V 

AGain 

A Gain Range (Pins 9, 1 3, 1 5) 

AV 0 

Max Brightness Tracking Error (Note 8) 


Video Amplifier Bandwidth (Note 9) 


Video Amplifier Distortion 


Video Output Rise Time (Note 9) 



Vqut = 3.5 Vpp 


V 0 UT = 1 Vpp, f = 12 kHz 


Square Wave Input 
Vqut = 3.5 Vpp, r l = 350n 


Square Wave Input 
Vqut = 3.5 Vpp, R l = 350H 
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AC Electrical Characteristics (Sync Separator/ Processor Section) 

The following specifications apply for V<x (Pins 2, 4, 6, 19, 31, 36, 41 and 44) = 12V and Ta = 25°C, unless otherwise 
specified. SI =? A, S2 = B, S3, 4, 5 closed, V9, 13, 15, 20, 21, 43 = 2V, unless otherwise speciffed; see Test Circuit Figure 1 
and Timing Diagram for input waveform. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

Limit 
(Note 6) 

Units 

v 18(Min) 

v 18(Max) 

Composite Video Input Voltage 
(Pin 18) 

Composite Video Input Voltage 
(Pin 18) 

S2 = A, Input = 10% Duty 
Cycle, Test for Loss of BP 
Pulse at Pin 26 



Vpp 

(Min) 

Vpp 

(Max) 

V 2 3 

± H Sync Input Voltage (Pin 23) 

Input = 10% Duty Cycle 


1.6 

Vpp 

(Min) 


Back Porch Clamp Pulse Width 
at V 24 = IV 

Back Porch Clamp Pulse Width 
at V 24 = 4V 

S2 = A, Pin 26 = BP Output 

1 

300 

1.4 

600 

/utS 

(Max) 

ns 

(Max) 


Maximum ± H Sync Input Frequency 


600 


KHz 

Dhi 

Dlo 

Max Duty Cycle of Active High 

H Sync (Pin 23) 

Max Duty Cycle of Active Low 

H Sync (Pin 23) 

Test for Loss of Sync 
at Pin 26 

22 

22 


% 

% 

tpdll 

± H Sync Input to - H Sync 

Output Low Delay 

Input = 10% Duty Cycle 

100 


ns 

tpdhl 

± H Sync Input to - H Sync 

Output High Delay 

Input = 10% Duty Cycle 

65 


ns 

tpdl 

± H Sync Input Trailing Edge to 

Back Porch Clamp Output Delay 

Input = 10% Duty Cycle, 

S2 = A 

70 



tpdl2 

Composite Video Input to -H 

Sync Output Low Delay 

Input = 10% Duty Cycle 

106 



tpdh2 

Composite Video Input to -H 

Sync Output High Delay 

Input = 10% Duty Cycle 

68 


ns 

tpd2 

Composite Video Input T railing 

Edge to Back Porch Clamp Output Delay 

Input = 10% Duty Cycle 

S2 = A 

78 


ns 

tpdl2 “tpdll 

Composite Video and ± H Sync Input 
to -H Sync Output Delta Delay 

Input = 10% Duty Cycle 

6 


ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 


Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 

Note 3: Vcc supply pins 2, 4, 6, 19, 31, 36, 41 and 44 must be externally wired together to prevent internal damage during Vcc power on/off cycle. 

Note 4: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 5: Typical specifications are specified at + 25°C and represent the most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: AAy tracking is a measure of the ability of any two amplifiers to track each other and quantifies the matching of the three attenuators. It is the difference in 
gain change between any two amplifiers with the contrast voltage, V21 , at either 4V or 2V measured relative to an Ay max condition V21 = 4V. For example, at Ay 
max, the three amplifier gains might be 1 7.4 dB, 1 6.9 dB and 1 6.4 dB and change to 7.3 dB, 6.9 dB and 6.5 dB respectively for V21 = 2V. This yields the measured 
typical ±0.1 dB channel tracking. 

Note 8: Brightness tracking error is measured with all three video channels set for equal gain. The measured value is limited by the resolution of the measurement 
equipment. 

Note 9: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board is recommended. Video 
amplifier isolation tests also require this printed circuit board. The measured rise and fall times are effective rise and fall times, taking into account the rise and fall 
times of the generator. 

Note 10: Measure output levels of either undriven amplifier relative to the driven amplifier to determine channel isolation. Terminate the undriven amplifier inputs. 
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Typical Performance Characteristics Vcc = 12V, Ta = 25°C unless otherwise specified 


Attenuation vs Contrast 
Control Voltage (/ = 12 kHz) 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

CONTRAST CONTROL VOLTAGE V21 (V) 


Attenuation vs Drive 
Control Voltage (f = 12 kHz) 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

DRIVE CONTROL VOLTAGE V9, 13 OR 15 (V) 


Back Porch Clamp Pulse 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 


BACK PORCH CLAMP WIDTH CONTROL VOLTAGE V22 (V) 


Minimum External ± H 
Sync Input Level (Vpp) 
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FIGURE 1. LM1204 Test Circuit 
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Input/Output Stages (Continued) 

± H/HV Sync Input 



Video Input Stage 



TL/H/1 1238-8 


Pin Descriptions 

Vcc (Pins 2, 4, 6, 19, All Vcc pins must be externally wired together. For stable operation, each supply pin should be 
31 , 36, 41 , 44) bypassed with a 0.01 ju,F and a 0.1 juF capacitor connected as close to the pin as is possible. 


Contrast Cap (Pins 1 , 3) 
R Clamp Cap (Pin 6) 

B Clamp Cap (Pin 10) 

G Clamp Cap (Pin 14) 

R Video In (Pin 7) 

B Video In (Pin 11) 

G Video In (Pin 17) 

R A Gain (Pin 9) 

B A Gain (Pin 13) 

G A Gain (Pin 1 5) 

Compose Video Input 
(Pin 18) 

Brightness Control 
(Pin 20) 


Contrast Control 
(Pin 21) 


An external decoupling capacitor of value 0.1 fxF should be connected between pins 1 and 3 for 
contrast control. 

A 0.022 jmF to 0.1 fxF capacitor should be connected from this pin to ground. This capacitor allows 
clamping of the red channel video signal to the reference black level. 

A 0.022 jmF to 0.1 jutF capacitor should be connected from this pin to ground. This capacitor allows 
clamping of the blue channel video signal to the reference black level. 

A 0.022 fiF to 0.1 jw.F capacitor should be connected from this pin to ground. This capacitor allows 
clamping of the green channel video signal to the reference black level. 

This is the input for the red channel video signal, the signal should be AC coupled to the input through 
a 10 ju,F capacitor. 

This is the input for the blue channel video signal, the signal should be AC coupled to the input 
through a 10 juF capacitor. 

This is the input for the green channel video signal, the signal should be AC coupled to the input 
through a 10 juF capacitor. 

This is the gain adjustment pin for the red video channel. A 0V to 4Vpc voltage is applied to this pin to 
vary the gain of the red channel. Usually, the red channel is set for maximum gain and the gains of the 
blue and green channels are reduced relative to the red channel until white balance is achieved on 
the CRT screen. 

This is the gain adjustment pin for the blue video channel. A 0V to 4 Vdc voltage is applied to this pin 
to vary the gain of the blue channel. 

This is the gain adjustment pin for the green video channel. A 0V to 4 V D c voltage is applied to this pin 
to vary the gain of the green channel. 

This is the sync separator input pin. For Sync on Green systems, the green channel video signal 
should be AC coupled to pin 18 through a 0.1 jaF capacitor. 

If the LM1204 is used without blanking then this pin should be biased at 2.0 Vdc- Brightness control 
for all three video channels is now controlled by pin 43 (blank level adjust pin). See Figure 4. If the 
LM1 204 is used with blanking then this pin allows the user to simultaneously DC offset the video 
portion of the output signals of all three channels thus allowing brightness control (See Figure 5). 

This pin simultaneously controls the gain of all three video channels. A 0V to 4 Vdc input voltage is 
applied to this pin, with 0V corresponding to minimum gain (i.e., maximum attenuation of video signal) 
and 4V corresponding to maximum gain (i.e., minimum attenuation of the video signal). 
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Pin Descriptions (continued) 

Back Porch Clamp Width 

The LM1204 provides DC restoration or clamping during the back porch interval of the video signal. 

Adjust (Pin 22) 

The width of LM1204’s internally generated back porch clamp signal can be varied by applying a 0V 
to 4 Vpc voltage to this pin. The back porch clamp signal width can be varied from approximately 

0.3 jms to 4.0 ju.s by applying 4 V to 0.5V respectively. By connecting the blank gate input pin (pin 24) 
to Vcc. the back porch clamp pulse can be monitored on the -H Sync output pin (pin 26). See 

Figures 4 and 5. By connecting pin 22 to Vcc. the LM1 204 functions as a non-gated amplifier 
requiring no clamping. See Section 4 under application hints for further information. 

± H Sync In (Pin 23) 

This is the external sync input pin, it accepts a negative or positive polarity signal, either horizontal 
sync or a composite sync (1 .2 Vpp minimum amplitude). The LM1 204 also provides a negative 
polarity (TTL compatible) horizontal sync or composite sync output on pin 26. If the composite video 
input (pin 1 8) is not used then an H Sync signal should be AC coupled to this pin through a 0.1 ju,F 
capacitor. The ± H Sync input has priority over the composite video input if both signals are present. 

Blank Gate In (Pin 24) 

This is the blank gate input pin. The LM1 204 allows video blanking at the preamplifier. If blanking is 
desired then a TTL compatible, negative polarity blanking signal should be applied to this pin. During 
the blanking interval, all three video outputs are level shifted to the blank level set by the voltage at 
pin 43. If blanking is not required then, pin 24 should be biased at 4V. 

Connecting pin 24 to Vcc will cause pin 26 to output the internally generated back porch clamp 
signal. The user can observe the change in back porch width as the potential at pin 22 is varied (see 
Figures 4 and 5). 

Integrator Cap (Pin 25) 

A 0.1 p,F capacitor should be connected from this pin to ground. This capacitor allows the LM1 204 to 
integrate the ± H Sync input signal and genreate the proper polarity switch for -H Sync output. 

-H Sync Out (Pin 26) 

This output pin provides a negative polarity horizontal sync signal for other system uses. There is 
approximately 1 00 ns delay between the ± H Sync input signal at pin 23 and the - H Sync output 
signal at pin 26. 

Connecting pin 24 to Vcc will cause pin 26 to output the internally generated back porch clamp 
signal. The user can observe the change in back porch clamp pulse width as the potential at pin 22 is 
varied (See Figures 4 and 5). 

G Feedback (Pin 28) 

This is the cutoff adjustment input for the green video channel. The green video output signal from 
pin 30 is fed back to this input through a potentiometer thus allowing the user to individually adjust 
the cutoff (black reference) level for each gun. The signal level at this pin should be between 0.5V 
and 4 V. 

B Feedback (Pin 33) 

This is the cutoff adjustment input for the blue video channel. The blue video output signal from pin 

35 is fed back to this input through a potentiometer thus allowing the user to individually adjust the 
cutoff (black reference) level for each gun. The signal level at this pin should be between 0.5V and 

4V. 

R Feedback (Pin 38) 

This is the cutoff adjustment input for the red video channel. The red video output signal from pin 40 
is fed back to this input through a potentiometer thus allowing the user to individual adjust the cutoff 
(black reference) level for each gun. The signal level at this pin should be between 0.5V and 4V. 

G Video Output 
(Pin 30) 

This is the green channel video output. 

B Video Output 

This is the blue channel video output. 

(Pin 35) 


R Video Output 
(Pin 40) 

This is the red channel video output. 

G Blank Clamp Cap 

A 0.022 jxF to 0.1 juF capacitor should be connected from this pin to ground. This capacitor allows 

(Pin 32) 

blanking for the green video channel. 

B Blank Clamp Cap 

A 0.022 jaF to 0.1 jaF capacitor should be connected from this pin to ground. This capacitor allows 

(Pin 37) 

blanking for the blue video channel. 

R Blank Clamp Cap 

A 0.022 jxF to 0.1 jaF capacitor should be connected from this pin to ground. This capacitor allows 

(Pin 42) 

blanking for the red video channel. 

Blank Level Adjust 

This pin serves two functions depending on whether the LM1 204 is used with blanking or without 

(Pin 43) 

blanking. If blanking is not selected then pin 20 should be biased at 2.0 Vqc and pin 43 assumes the 
role of brightness control. Varying the potential at pin 43 will simultaneously DC offset the video 
output signals of all three channels (See Figure 4 ). If the LM1 204 is used with blanking then during 
the blanking interval, all three video output signals will be level shifted to the blank level. The desired 
blank level can be set by adjusting the potential at pin 43. Brightness control is now made possible 
by varying the potential at pin 20. Adjusting the brightness control DC offsets the video portion of the 
signal relative to the fixed blank level (all channels are affected simultaneously). See Figure 5. 

GND (Pins 8, 1216, 27, 
29, 34, 39) 

Ground. All ground pins must be connected to the ground plane. 
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Applications Hints 

The LM1204 is a wideband video amplifier system designed 
specifically for high resolution RGB CRT monitors. The de- 
vice includes circuitry for DC restoration of video signals 
and also allows contrast and brightness control DC restora- 
tion is done during the back porch interval of the video sig- 
nal. An internal sync separator generates a back porch 
clamp signal either from a “Sync on Green” signal applied 
to the composite video input (pin 18) or from an externally 
supplied ±H Sync signal . The LM1204 first looks at the 
±H Sync inpyt (pin 23), if an external horizontal sync signal 
is not present then the device syncs off the composite video 
input. The internally generated back porch clamp pulse 
width is user adjustable. 

A blanking function is also included. This allows the user to 
cutoff the beam current in the CRT’s guns during the blank- 
ing interval thereby preventing horizontal retrace lines from 
being visible. Normally blanking is done by applying a high 
voltage pulse at the grid. However, blanking at the cathode 
using the LM1204 leads to ease of design and lowered cost. 
Figure 2 shows the block diagram of the green video chan- 
nel and the control logic. The two modes of operation, with 
and without blanking, are described below in detail. 

1.0 Operation without Blanking 

For operation without blanking, the blank gate input (pin 24) 
should be connected to +4V. This causes the blank com- 
parator to connect switch S2 to position Y (See Figure 2). 
Furthermore, the brightness control input pin (pin 20) should 
be biased at a potential between IV (Min) and 3.8V (Max), it 
is best to bias this pin at 2V. The video signal is AC coupled 
to the input of the LM1204 as shown for the green channel 
in Figure 2. During the back porch interval of the video sig- 
nal (See Figure 3), the internally generated back porch 
clamping pulse goes low, causing switches SI A and SI B to 
be closed. The closure of SI A causes g m 1 to charge capac- 
itor C2 to a potential determined by the DC voltage at pin 
20. This allows g m 1 to set up an average DC bias for the AC 
coupled video signal at the input of A1 . When the back 
porch clamping pulse is high, SI A and SIB are opened. 
With SI A open, g m 1 is effectively disconnected from C2, C2 
now holds the DC bias voltage. The transconductance 
stage g m 1 therefore functions as a sample and hold device 
and holds the input of A1 at the desired DC bias. 

The LM1204 uses black level clamping at the back porch of 
the video signal to accomplish DC restoration. The trans- 
conductance stage g m 2 is enabled during the back porch 
clamp period to provide a sample and hold function. During 
the back porch clamp period, DC feedback from LM1204’s 
video output is compared with the voltage set by potentiom- 
eter R9. Depending on A2’s output voltage, C6 is either 
charged or discharged so that the feedback loop consisting 
of g m 2 and A2 is stabilized and the output is clamped to the 
black level. All this occurs during the back porch clamp peri- 
od. During the video portion of the signal, g m 2 is disabled 
and C6 holds the fixed black level reference voltage. The 
beginning of each new line on the raster always starts from 
a fixed reference black level thus restoring the DC compo- 
nent of each line. 

A2 is a summing amplifier that adds a DC offset component 
from g m 2 to the video signal from the multiplier. Adjusting 
R9 will DC offset the output signals of all three channels 
thus providing brightness control. Individual cutoff adjust- 


ment for each channel is done by varying the feedback volt- 
age at each of the R, G and B feedback inputs (Pins 38, 28 
and 33). For example, cutoff adjustment for the green chan- 
nel is done by potentiometer R8 shown in Figure 2. 
Adjusting the contrast control (potentiometer R3 in Figure 
2) varies the peak to peak amplitude (includes sync tip if 
present) of all three video output signals relative to their 
black reference level. The A Gain adjust (pins 9, 15 and 13 
for R, G, and B channels respectively) allows the user to 
individually adjust the AC gain of each channel. For example 
the AC gain of the green channel is adjusted using potenti- 
ometer R5 as shown in Figure 2. Normally the red channel 
is set for maximum gain and the gains of the blue and green 
channels are reduced until white balance is achieved on the 
CRT monitor’s screen. Figure 4 shows the adjustments for 
operation without blanking. 

2.0 Operation with Blanking 

Much of what was discussed in Section 1.0 also applies 
when the LM 1204 is used with the blanking function. How- 
ever, there are notable differences as described herein. For 
operation with blanking, a TTL compatible blanking signal 
must be applied to the blank gate input (pin 24). 

During the blanking period, the blanking comparator con- 
nects switch S2 to position X (See Figure 2). This causes 
the LM1 204 to level shift the video output signal to the blank 
level. Adjusting R9 will adjust the blank level of all three 
Channels. Individual blank level adjustment for each chan- 
nel is done by varying the feedback voltage at each of the 
R, G and B feedback inputs (pin 38, 28 and 33). In Figure 2 
this is done by adjusting potentiometer R8 for the green 
channel. 

During the video portion of the video signal, S2 is connected 
to position Y. Brightness control is now accomplished by 
varying the potential at the brightness control pin (pin 20). 
Adjusting R6 offsets the video portion of all three output 
signals relative to the fixed blank level, restoring the DC 
level of the video signal. Figure 5 shows the adjustments for 
operation with blanking. 

3.0 Stability Considerations 

For optimum performance and stable operation, a double 
sided PC board with adequate ground plane is essential. 
Moreover, soldering the LM1204 on to the PC board will 
yield best results. Each supply pin (pins 2, 4, 6, 19, 31, 36; 
41 and 44) should be bypassed with a 0.01 jmF and a 0.1 jmF 
capacitor connected as close to the supply pin as is possi- 
ble. 

When driving the LM 1204 from a 75ft video source, the 
cable is terminated with 75ft to minimize reflections caused 
by transmission line effects. However, the input impedance 
of LM1204 is capacitive and is also affected by the stray 
capacitance of the PC board. Thus the input impedance is a 
function of frequency. This changes the impedance of the 
cable termination. This can introduce overshoot and ringing 
in LM1204’s pulse response. A 100ft resistor in series with 
the blocking capacitor at the video input will minimize over- 
shoot and ringing (see Figure 8). The value of the resistor is 
empirically determined. 100ft is a good starting value. 
Since the LM1204 is a wide bandwidth amplifier with high 
gain at high frequencies, the device may oscillate when driv- 
ing a large capacitive/inductive load. To prevent oscillation, 
the amplifier’s gain is rolled off at high frequencies. This is 
accomplished by an RC network comprised of a resistor in 
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3.0 Stability Considerations (Continued) 

series with a capacitor connected from the video output pin 
to ground (see Test Circuit, Figure 1). A 11011 to 200fl 
resistor in series with 10 pF is quite adequate for most appli- 
cations. However, if oscillations don’t cease then the value 
of the resistor should be decreased or the value of the ca- 
pacitor should be increased or a combination of the two. 


Non-Gated High 
Frequency Application 

By connecting the back porch width adjust pin (pin 22) to 
Vcc> the LM1204 functions as a non-gated amplifier requir- 
ing no sync or blanking signals. Figure 9 shows a triple high 
frequency amplifier with variable gain and DC offset control. 
In this mode of operation, filtered DC feedback must be 
provided to pins 28, 33 and 38 as shown in Figure 9. 
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FIGURE 6. The LM1204 driving cascode CRT video amplifiers and operating without blanking. Brightness control is accomplished by potentiometer R12 (See Figure 4 
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FIGURE 7. The LM1204 driving cascode CRT video amplifiers and operating with blanking. The video signal is level shifted to the user adjustable blank level 
during the blanking period. Brightness control DC offsets the video signal relative to the fixed blank level and is accomplished by potentiometer R7. See Figure 5 
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Typical Applications Circuits (Continued) 



FIGURE 8. Complete circuitry for an RGB CRT video board using the LM1204 and LH2426AS. 
The video output signals from LH2426AS are AC coupled and diode clamped to greater than 80V. 
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FIGURE 9. Three channel high frequency amplifier with gain and DC offset control (non-video application). Each Vcc P in should be 
bypassed with a 0.01 jmF and a 0.1 juF capacitor connected as close to the pin as is possible. 
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National Semiconductor 


LM1205/LM1207 


130 MHz/85 MHz RGB Video Amplifier System with 
Blanking 


General Description 

The LM1205/LM1207 is a very high frequency video amplifi- 
er system intended for use in high resolution RGB monitor 
applications. In addition to the three matched video amplifi- 
ers, the LM1205/LM1207 contains three gated single end- 
ed input black level clamp comparators for brightness con- 
trol, three matched DC controlled attenuators for contrast 
control, and three DC controlled sub-contrast attenuators 
providing gain trim capability for white balance. All DC con- 
trol inputs offer high input impedance and an operation 
range from 0V to 4V for easy interface to bus controlled 
alignment systems. The LM1205/LM1207 also contains a 
blanking circuit which clamps the video output voltage dur- 
ing blanking to within 0.1V above ground. This feature pro- 
vides blanking capability at the cathodes of the CRT. A spot 
killer is provided for CRT phosphor protection during power- 
down. 

Features 

■ Three wideband video amplifiers 130 MHz (LM1205) @ 
-3 dB (4 Vpp output) 

■ Matched (±0.1 dB or 1.2%) attenuators for contrast 
control 


■ Three externally gated single ended input comparators 
for cutoff and brightness control 

■ 0V to 4V, high input impedance DC contrast control 
(>40 dB range) 

■ 0V to 4V, high input impedance DC drive control for 
each video amplifier (-6 dB to 0 dB range) 

■ Spot killer, blanks output when V<x < 1 0.6V 

■ Capable of 7 Vpp output swing (slight reduction in 
bandwidth) 

■ Output stage blanking 

■ Output stage directly drives most hybrid or discrete 
CRT drivers 

Applications 

■ High resolution RGB CRT monitors 

■ Video AGC amplifiers 

■ Wideband amplifiers with gain and DC offset controls 

■ Interface amplifiers for LCD or CCD systems 


Block and Connection Diagram 



Order Number LM1205N or LM1207N 
See NS Package Number N28B 
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LM1205/LM1207 


Absolute Maximum Ratings (Note n Operating Ratings (Note 2) 

If Military/ Aerospace specified devices are required, Temperature Range -20°Cto80°C 

please contact the National Semiconductor Sales Supply Voltage (Vcc) 10.8V £ Vcc £ 13.2V 

Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) 

Pins 3, 1 1 , 22, 23, 25 (Note 3) 15V 

Peak Video Output Source Current * 

(Any One Amp) Pins 1 7, 20 or 26 28 mA 

Voltage at Any Input Pin (Vin) Vcc ^ Vin ^ GND 

Power Dissipation (Pd) 

(Above 25°C Derate Based on 0 ja and Tj) 2.5W 

Thermal Resistance (Oja) 50°C/W 

Junction T emperature (Tj) 1 50°C 

ESD Susceptibility (Note 4) 2 kV 

Pins 12, 13 and 14 1.9 kV 

Storage T emperature - 65°C to 1 50°C 

Lead Temperature (Soldering, 10 sec.) 265°C 

DC Electrical Characteristics See DC Test Circuit (Figure 2 ), T a = 25”C; Vcci = V CC 2 = 12V. V 12 = 4V; 
V-|4 = 0V; V cut . 0 ff = 1.0V; V13 = 4V; Vd r j ve = 4V unless otherwise stated. 


Symbol 

Parameter 

•s 

Supply Current 

V 4, 6, 9 

Video Amplifier Input Bias Voltage 

Rin 

Video Input Resistance 

Vi 41 

Clamp Gate Low Input Voltage 



iJMeiSIMIM 


Conditions 


Vcci + Vcc2 > Rl = 00 (Note 7) 


Any One Amplifier 


Clamp Comparators On 




Typical Limit 
(Note 5) (Note 6) 


Units 




Clamp Cap Charge Current 

Clamp Comparators On 

±750 

Clamp Cap Bias Discharge Current 

Clamp Comparators Off 

500 



Blank Gate Low Input Voltage 
Blank Gate High Input Voltage 
Blank Gate Low Input Current 
Blank Gate High Input Current 
Video Output Low Voltage 
Video Output High Voltage 


Blank Gate On 
Blank Gate Off 
V13 = 0V 
V13 = 12V 
Vcut-off == 0 V 


Vcut-off = 9V 


V 0L (blanked) 


12, 15, 18 or 28 


>16, 19 and 27 


Video Black Level Output Voltage 

V C ut-off — IV 

1.0 

Video A Black Level Output Voltage 

Between Any Two Amplifiers, 
Vcut-off = IV 

±100 

Video Output Blanked Voltage 

v 13 = ov 

35 

Contrast/ Drive Control Input Current 

Vcontrast = Vdrive = 9V to 4V 

-250 

Cut-Off Control Input Current (All Inputs) 

Vcut-off = 0V to 4V 

-500 

Spot Killer Voltage 

Vcc Adjusted to Activate 

10.4 



mV (max) 


nA 


nA 

V (max) 
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AC Electrical Characteristics See AC Test Circuit (Figure 3), T a = 25°C; Vcci = V C C 2 = 12 V. Manually 
adjust Video Output pins 17, 20, and 26 to 4V DC for the AC test unless otherwise stated. (Note 14) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

Limit 
(Note 6) 

Units 

Av max 

Video Amplifier Gain 

VI 2 = 4V, V IN = 635 mVpp 

Vdrive = 4V 

7.0 

6.0 

V/V (min) 

16.9 

15.6 

dB (min) 

AA V 2V 

Attenuation @ 2V 

Ref: A v max, VI 2 = 2V 

-6 


dB 

AA v 0.25V 

Attenuation @ 0.25V 

Ref: A v max, VI 2 = 0.25V 

-40 


dB 

A Drive 

Drive Control Range 

Vdrive = 0V to 4V, VI 2 = 4V 

6 


dB 

A V match 

Absolute Gain Match @ Av max 

VI 2 = 4V, Vdrive = 4V (Note 9) 

±0.3 


dB 

Av trackl 

Gain Change Between Amplifiers 

V12 = 4V to 2V (Notes 9, 10) 

±0.1 


dB 

THD 

Video Amplifier Distortion 

V 0 = 1 Vpp, f = 10 kHz 

1 


% 

f (—3 dB) 

Video Amplifier Bandwidth 
(Notes 11, 12) 

V12 = 4V, V drive = 4V, 

Vq = 4 Vpp 

LM1205 

130 


MHz 

LM1207 

85 

t r (Video) 

Video Output Rise Time (Note 11) 

Vq = 4 Vpp 

LM1205 

2.6 


ns 

LM1207 

4.3 

tf(Video) 

Video Output Fall Time (Note 11) 

Vq — 4 Vpp 

LM1205 

3.6 


ns 

LM1207 

4.3 

Vsep I® kHz 

Video Amplifier 1 0 kHz Isolation 

VI 2 = 4V (Note 13) 

-70 


dB 

V sep 10 MHz 

Video Amplifier 10 MHz Isolation 

V12 = 4V (Notes 11, 13) 

-50 


dB 

t r (Blank) 

Blank Output Rise Time (Note 1 1 ) 

Blank Output = 1 Vpp 

7 


ns 


Blank Output Fall Time (Note 1 1) 

Blank Output = 1 Vpp 

7 


ns 

tpw(Clamp) 

Min. Back Porch Clamp Pulse Width 


200 


ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 

Note 3: Vqc supply pins 3, 1 1 , 22, 23, 25 must be externally wired together to prevent internal damage during Vcc power on/off cycles. 

Note 4: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 5: Typical specifications are specified at +25°C and represent the most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: The supply current specified is the quiescent current for Vcci and Vcc2 with Rl = 00 - see Figure 2’s test circuit. The supply current for Vcc2 (P' n 23) also 
depends on the output load. With video output at IV DC, the additional current through Vcc 2 is 8 mA for Figure 2’s test circuit. 

Note 8: Output voltage is dependent on load resistor. Test circuit uses Rl = 390ft. 

Note 9: Measure gain difference between any two amplifiers. V|n = 635 mVpp. 

Note 10: AAy track is a measure of the ability of any two amplifiers to track each other and quantifies the matching of the three attenuators. It is the difference in 
gain change between any two amplifiers with the contrast voltage (VI 2) at either 4V or 2 V measured relative to an Ay max condition, VI 2 = 4V. For example, at Av 
max the three amplifiers’ gains might be 17.1 dB, 16.9 dB and 16.8 dB and change to 11.2 dB, 10.9 dB, and 10.7 dB respectively for VI 2 = 2V. This yields the 
measured typical ± 0.1 dB channel tracking. 

Note 11: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board without socket is 
recommended. Video amplifier 10 MHz isolation test also requires this printed circuit board. The reason for a double sided full ground plane PCB is that large 
measurement variations occur in single sided PCBs. 

Note 12: Adjust input frequency from 10 MHz (Av max reference level) to the -3 dB corner frequency (f _3 as). 

Note 13: Measure output levels of the other two undriven amplifiers relative to the driven amplifier to determine channel separation. Terminate the undriven 
amplifier inputs to simulate generator loading. Repeat test at % = 10 MHz for V sep io MHz- 

Note 14: During the AC tests the 4 V DC level is the center voltage of the AC output signal. For example, if the output is 4 Vpp the signal will swing between 2V DC 
and 6V DC. 
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T y pical Performance Characteristics Vqc = 12V, Ta = 25°C unless otherwise specified 


Attenuation vs Contrast Voltage 



CONTRAST VOLTAGE VI 2 (V) 


TL/H/1 1881 -2 

LM1205 Crosstalk vs Frequency 

1 1 GREEN (MAX CONTRAST & DRIVE) 


Attenuation vs Drive Voltage 


NO ATTENUATION (1.0) 

‘ CONTRAST = 4V I f 


1 2 3 

DRIVE VOLTAGE 



FREQUENCY (MHz) 

LM1205 Contrast vs Frequency 



o 

V12 = 4.0V 


= 1.45 V 


= 0.65V 

-30 

= 0.34V 


= 0.25V 

-40 

= 0.20V 

-50 

-60 


-70 



FREQUENCY (MHz) 

LM1205 Drive vs Frequency 



Q 

V DRIVE 

= 4.0V 

-1 


= 3.0V 



= 2.5 V 

-2 

_3 


= 1.7V 



= 1.2V 

-4 


= 0.6V 

-5 


= 0.0V 


FREQUENCY (MHz 
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GAIN/DRIVE (dB) GAIN/CONTRAST (dB) ATTENUATION (dB) 


Typical Performance Characteristics Vqc = 12V, Ta = 25°C unless otherwise specified (Continued) 



1 10 100 


FREQUENCY (MHz) 



1 10 100 


FREQUENCY (MHz) 



1 10 100 


TL/H/11881-7 


TL/H/11881-8 


FREQUENCY (MHz) 


TL/H/11881-9 
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Applications Information (Continued) 


(V cc (+12V) 


LM1205N/ I 
LM1207N [ 27 ] 

TOP VIEW | 


0,1 red 
DRIVE 


RED 

VIDEO 

OUT 

OUTPUT TO 
-fV26J A LOAD 

OVER 100k 


RED 

VIDEO (R 
IN ^ 


30 1 0 fiF 


I 


VIDEO ( G ) 
IN ^ 
50 


V CC (+12V)| 

DC OUTPUT 
ADJUST 


BLUE ^ 
VIDEO ( B 
IN ^ 



30 10 plF 


GREEN 

VIDEO 

OUT 

OUTPUT TO 
-IV2o) A LOAD 

OVER 100k 


CONTRAST >4-(V12) 


BLUE 

VIDEO 

OUT 

OUTPUT TO 
-(V17j A LOAD 
^ OVER 100k 


BLANK GATE (VI 3, 


FIGURE 3. LM 1 205N/LM 1 207N AC Test Circuit 
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Applications Information (Continued) 

Figure 5 shows the block diagram of a typical analog RGB 
color monitor. The RGB monitor is used with CAD/CAM 
work stations, PC’s, arcade games and in a wide range of 
other applications that benefit from the use of color display 
terminals. The RGB color monitor characteristics may differ 
in such ways as sweep rates, screen size, CRT color trio 
spacing (dot pitch), or in video amplifier bandwidths but will 
still be generally configured as shown in Figure 5. Separate 
horizontal and vertical sync signals may be required or they 
may be contained in the green video input signal. The video 
input signals are usually supplied by coax cable which is 
terminated into 75fi at the monitor input and internally AC 
coupled to the video amplifiers. These input signals are ap- 
proximately 1 V peak to peak in amplitude and at the input of 
the high voltage video section, approximately 5V peak to 
peak. At the cathode of the CRT the video signals can be as 
high as 60V peak to peak. One important requirement of the 
three video amplifiers is that they match and track each 
other over the contrast and brightness control range. The 
Figure 5 block labeled “VIDEO AMPLIFICATION WITH 
GAIN AND DC CONTROL” describes the function of the 
LM1 205/ LM 1207 which contains the three matched video 
amplifiers, contrast control and brightness control. The 
LM1205/LM120 7 also provides the capability to blank at the 
cathode of the CRT. 

Functional Description 

Figure & is a detailed block diagram of the green channel of 
the LM1205/LM1207 along with the recommended external 
components. The 1C pin numbers are circled and all external 
components are shown outside the dashed line. The other 
two video channels are identical to the green channel, only 
the numbers to the pins unique to each channel are differ- 
ent. The input video is normally terminated into 75 SI. The 


termination resistor depends on the impedance of the coax 
cable being used, 75 ft being the most common impedance 
used in video applications. The video signal is AC coupled 
through a 10 juF capacitor to the input, pin 6. There is no 
standard for the DC level of a video signal, therefore the 
signal must be AC coupled to the LM1205/LM1207. Internal 
to the LM1 205/ LM 1207 is a 2.8 V reference, giving the input 
video an offset voltage of 2.8V. This voltage was selected to 
give the input video enough DC offset to guarantee that the 
lowest voltage of the video signal at pin 6 is far enough 
above ground to keep the LM1205/LM1207 in the active 
region. The 200H resistor at the input is for ESD protection 
and for current limiting during any voltage surge that may 
occur at the input, driving pin 6 above Vcq. The input video 
signal is buffered by -A1. In this circuit description an in- 
verting amplifier is shown with a ” (minus sign) in front of 
the amplifier designation. The output of — A1 goes to the 
contrast and drive attenuator sections. 

The contrast and drive control sections are virtually identi- 
cal. Both sections take a 0V to 4V input voltage, 4 V giving 
the maximum gain for either the contrast or the drive. This is 
a high impedance input, allowing for an easy interface to 5V 
DACs. One may also use 1 00k potentiometers with no deg- 
radation in performance. The contrast control section is 
common to all three channels. It converts the input voltage 
at pin 1 2 to a couple of internal DC voltages that control the 
gain of the contrast attenuator. Referring to the Attenuation 
vs Contrast Voltage under typical performance characteris- 
tics note that a 4V control voltage results in no attenuation 
of the video signal. A 0.25V control voltage results in an 
attenuation of 40 dB. Again note that these internal control 
voltages are common to all three channels. To minimize 
crosstalk, these voltages go to pins 1 and 2. Minimizing 
crosstalk is done by adding the RC network shown in the 
block diagram (Figure 6). 



FIGURE 5. Typical RGB Color Monitor Block Diagram 
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Functional Description (Continued) 

The OV to 4V drive control signal comes in on pin 18. Each 
channel has its own drive section, therefore the crosstalk 
compensation needed for the contrast control voltages is 
not required for the drive control, thus no external pins for 
the drive control. The drive attenuator gives an attenuation 
range from 0 dB to -6 dB. A small gain adjustment range 
for the drive attenuator is desirable and intentionally de- 
signed because the drive is used only to balance the overall 
gain of each color channel, giving the correct color tempera- 
ture on the CRT. 

The output of the drive attenuator stage goes to A2, the 
amplifier in the DC restoration section. The video signal 
goes to the non-inverting input of A2. The inverting side of 
A2 goes to the output of gml, the clamp comparator, and 
the clamp capacitor at pin 8. 

During the back porch period of the video signal a negative 
going clamp pulse from pin 14 is applied to the clamp com- 
parator, turning on the comparator. This period is where the 
black level of the video signal at the output of the LM1205/ 
LM1207 is compared to the desired black level which is set 
at pin 19. Figure 7 shows the timing of the clamp pulse 
relative to the video signal. The clamp capacitor is charged 
or discharged by gml, generating the correction voltage 
needed at the inverting input of A2 to set the video output to 
the correct DC level. Removing the clamp pulse turns off 
gml with the correction voltage being maintained by the 
clamp capacitor during active video. Both the clamp pulse 
and the blank pulse at pin 1 3 are TTL voltage levels. 

There are actually two output sections, -A3 and - A4. Both 
sections have been designed to be identical, except -A4 
has more current drive capability. The output transistor 
shown is part of -A4, but has been shown separately so 
the user knows the configuration of the output stage. -A3 
does not go to the outside world, it is used for feeding back 
the video signal for DC restoration. Its output goes directly 


to the inverting input of the clamp comparator via the volt- 
age divider formed by the 500fl and 4k resistors. - A4 will 
be close to the same output as -A3 and will temperature 
track due to the similar design of the two output stages. 
However, the current at the output of -A4 will be ten times 
the current at the output of —A3. To balance both outputs, a 
load resistance of 3900 needs to be connected from pin 20, 
the green video output pin, to ground. Another input to - A4 
is the blank pulse. When a negative going blank pulse is 
applied to pin 13, the output of the LM1205/LM1207 is driv- 
en to less than 0.1V above ground. Using the timing shown 
in Figure 7 for the blank pulse, the output of the LM1205/ 
LM1207 will be less than 0.1V during the inactive portion of 
the video signal. This is a “blacker than black” condition, 
blanking the CRT at the cathodes. By using the blank func- 
tion of the LM 1 205/ LM 1207 no grid blanking is necessary. 
Note that the DC restoration is done by feeding back the 
video signal from -A3, but blanking is done at -A4. By 
using the two output stages, blanking can be done at the 
CRT cathodes, and at the same time activate the DC resto- 
ration loop. 

v CCi goes to pins 3,11, and 25 (see Figure 1 ). These three 
pins are all internally connected. For proper operation of the 
LM 1 205/ LM 1207 it is necessary to connect all the Vcci 
pins to the input power to the PCB and bypass each pin with 
a 0.1 juF capacitor. Vcc2 * s the input power at pins 22 and 
23 for the three output stages. This is a separate power 
input from Vcci > there are n o internal connections between 
the two different power inputs. There must be a connection 
on the PCB between Vcci end Vcc2- Pins 22 and 23 must 
be bypassed by a parallel connection of a 10 juF and 0.1 ju,F 
capacitors. The ground connections for the LM1205/ 
LM1207 are at pins 7, 21, and 24. All three ground pins are 
internally connected, and these pins must also be connect- 
ed externally to a good ground plane for proper operation of 
the LM1205/LM1207. 
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Functional Description (Continued) 



FIGURE 6. Block Diagram of LM1205/LM1207 Video Amplifier 


TL/H/1 1881 -14 


W 



as _i — l_l — l_l ™ ■“» 

TL/H/1 1881 -15 

FIGURE 7. Timing Diagram 

Circuit Description 

VIDEO AMPLIFIER INPUT STAGE 

Figure 8 is a simplified schematic of one of the three video 
amplifiers input stage along with the recommended external 
components. The 1C pin numbers are circled and all external 
components are shown outside the dashed line. The video 


input is applied to pin 6 via a 1 0 juF coupling capacitor and a 
30ft resistor. The resistor is added to limit the current 
through the input pin should an applied voltage surge rise 
above Vqc or drop below ground. The performance of the 
LM1 205/ LM1 207 is not degraded by the 30ft resistor. How- 
ever, if EMI is a concern this resistor can be increased to 
well over 100ft where the rise and fall times will start to 
become longer. DC bias to the input pin is provided by Q5 
and its associated input circuitry. Z1 is a 5.6 V zener that 
generates the input bias voltage. Q1 is a buffer to the zener 
reference voltage with 5.0V generated at its emitter. Q3 and 
Q4 are connected as diodes. Q2 is close to being a diode in 
this circuit. This configuration will give about 2.0V at the 
collector of Q2. R2 and R3 are a voltage divider, setting the 
base of Q5 to about 3.5 V. This sets the emitter of Q5 to 
about 2.8 V, the bias voltage of the video input. This bias 
voltage is necessary to assure that the entire video signal 
stays within the active operating region of the LM1205/ 
LM1207. The bias voltage goes through R6, a 20k resistor, 
to the video input at pin 6. R4 and R6 are of the same value 
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Circuit Description (Continued) 

and R4 is used to compensate for beta variations of the 
transistors. Note that the bias voltage passes through three 
diode drops (Q5, Q6, and Q7) before setting the voltage 
across R9. Q2, Q3, and Q4 also provide three diode drops 
to the bias voltage at the base of Q5, temperature compen- 
sating for the diode drops of Q5, Q6, and Q7. This insures 
that the bias voltage across R9 remains very constant over 
temperature, providing an accurate bias current for the dif- 
ferential transistor pair Q8 and Q9, thus assuring proper op- 
eration of the contrast control. 

Q6 serves as a buffer to the input video signal. Its emitter 
drives the base of Q7. Thus the video signal modulates the 
current flowing through R9, which in turn modulates the cur- 
rents through the differential pair formed by Q8 and Q9. The 
current flow through Q8 and Q9 is controlled by a DC volt- 
age from the Contrast Control circuit. This DC voltage is 
common to all three channels. Increasing the voltage to the 
base of Q9 with respect to the base of Q8 increases the 
current flow through Q9. A higher current flow through Q9 
increases the video gain (contrast) of the LM1 205/ LM 1207. 
Q10 and Q1 1 also form a differential pair at the collector of 
Q9. The operation of this differential pair is similar to Q8 and 
Q9. The DC control voltage is from the Drive Control cir- 


cuits. Each channel has its own drive control circuit. In- 
creasing the voltage to the base of Q1 1 increases the video 
gain (drive) of the LM1205/LM1207. RIO and R11 are of 
the same value, but R1 0 is common to both Q1 0 and Q1 1 . If 
all the current is flowing through Q10, the video amplitude 
would only be half of the maximum gain (all current flowing 
through Q11). This gives the drive control a total gain ad- 
justment range of 6 dB. Since the drive control is only used 
to balance the color of each channel a small adjustment 
range is desirable. Q12 through Q1 7 are part of the final 
section shown in Figure 8. DC restoration is done at this 
stage. The clamp comparator (Figure 1 1) drives the clamp 
cap at pin 8 to a voltage that sets the correct black level of 
the video signal. This cap is also connected to the base of 
Q1 7. Q1 7 and Q16 are one half of the darlington differential 
pair. The clamp cap voltage establishes the current flow 
through R16, Q15, and R15. With the bases of Q14 and 
Q15 held to the same voltage the current through Q15 is 
mirrored into Q14 and the other half of the differential pair, 
Q12 and Q13. By this current mirror the voltage at the col- 
lector of Q14 is set to the correct DC value for the video 
signal by controlling the voltage drop across R13, complet- 
ing the DC restoration. 



FIGURE 8. Simplified Schematic of LM1205/LM1207 Video Amplifier Input Stage 
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Circuit Description (Continued) 

CONTRAST CONTROL 

Figure 9 is a simplified schematic of the Contrast Control 
circuit. The output of this circuit is common to all three chan- 
nels. A reference voltage is generated by Z2, Q34, Q35, 
R30, and R31. Q36, Q39, and Q41 are all current sources 
that arc controlled by the reference voltage. The contrast 
signal has a OV to 4 V range with its input at pin 12. R32 is 
used for current limiting any voltage surge that may occur at 
pin 12. Note that the input stage (Q37, Q38, and Q42) are 
all PNP transistors. This configuration is necessary for oper- 
ation down to near ground. At Q44 the input voltage is con- 
verted to a current by R33. The input stage will apply the 
same voltage across R33 as is applied at the input and with 
no temperature variations from the transistors. Q37 is con- 
nected to a current source (Q36) to keep a constant current 
flow through Q37 and a predictable diode voltage for the 
base-emitter of Q37. Q40 is connected as a diode and is 
biased by the current source Q39. The current through Q40 
is mirrored into Q43, giving a current bias for Q42. Again this 
is done to give a predictable diode voltage for Q42. Q41 is a 
current source for both Q38 and Q42. With the current 
through Q42 already established, the rest of the current 
from Q41 flows through Q38. As one can see the input volt- 
age is accurately reflected across R33 with no temperature 
coefficients from the input stage of the contrast control cir- 
cuit. 

Pin 1 of the contrast control output is held at a constant 
voltage two diode drops below y 2 Vcc- To generate this ref- 
erence the base of Q51 is held at exactly %Vcc- R44 and 
R45 form a voltage divider. With both Q53 and Q54 con- 
nected as diodes the voltage at the junction of R44 and R45 
is y 2 V C c plus one diode drop. Q52 is a buffer to this refer- 
ence voltage, generating exactly y 2 Vcc at its emitter. Q51 is 
used to drive the bases of Q49 and Q50 to one diode drop 
below the reference voltage. Q50 is used to further buffer 
the reference voltage to the base of Q9 (see Figure 8) and 
the corresponding transistors in the other channels. Q48 is 
used to bias the collector of Q49 to y 2 Vcc. the same volt- 
age as the collector of Q47 when the differential pair is bal- 
anced. This keeps the characteristics of Q47 and Q49 well 
matched. Going back to Q44 and R33; these parts set up a 
current source that varies the current through R36. With a 
2V contrast voltage the differential pair is balanced, mean- 
ing that the voltage drop across R36 is y 2 V<x- Q45 buffers 
the voltage at R36, driving the bases of Q46 and Q47. Q46 
further buffers the voltage, driving the base of Q8 (see Fig- 
ure 8) and the corresponding transistors in the other two 


channels. In the balanced condition the voltage at pin 2 will 
also be two diode drops below y 2 Vcc» giving a well bal- 
anced drive to the differential pair consisting of Q8 and Q9 
in the video amplifier input stage. With the contrast voltage 
set to OV, the voltage at pin 2 will increase by about 400 mV 
to 500 mV. A 4V contrast voltage decreases the voltage at 
pin 2 by about 400 mV to 500 mV from the balanced condi- 
tion. Reviewing Figure 8 note that decreasing the voltage at 
pin 2 will decrease the current flow through Q8. Thus the 
current flow through Q9 increases, increasing the gain of 
the LM1 205/ LM 1207. So increasing the contrast control 
voltage at pin 12 increases the gain of the LM1205/ 
LM1207. The contrast control voltage from Q46 and Q50 is 
common to all three channels. To minimize crosstalk it is 
necessary to add a decoupling capacitor of 0.1 ju,F across 
R37 and R40. Since this can only be done externally, these 
two nodes are brought out to pins 1 and 2. The 30H resistor 
is added in series with the capacitor for improving stability. 
To prevent a destructive current surge due to shorting either 
pins 1 or 2 to ground R38 was added for current limiting. 

DRIVE CONTROL 

Figure 10 is a simplified schematic of the Drive Control cir- 
cuit. Each channel has its own drive control circuit. This 
circuit is almost identical to Figure 9, the contrast control 
circuit. It will be easier to cover the differences between the 
two circuits instead of going through virtually the same cir- 
cuit description. Note that the input stage is exactly the 
same. The generation of the reference voltage at the right 
hand side of Figure 10 is slightly different than the circuit in 
Figure 9. In the drive control circuit the reference voltage at 
the base of Q72 is to be 2 / 3 Vcc- In the contrast control 
circuit the reference voltage at the base of Q51 was to be 
y 2 V CC - To generate the 2 / 3 Vcc R57 and R58 form a 2 to 1 
voltage divider. With the two to one ratio it is now necessary 
to have three transistors connected as diodes, which are 
Q74, Q75, and Q76. Q73 is the buffer for this voltage divider 
and its emitter is exactly 2 / 3 V<x with temperature compen- 
sation. R52 and R53 also differ from their corresponding 
resistors in Figure 9, R36 and R39. The value difference is 
so the base of Q66 is also at 2 / 3 Vcc when the input drive 
voltage is at 2V. R38 in Figure 9 was needed for current 
limiting at the output pins. Since each channel has its own 
drive control circuit no filtering is required, eliminating the 
need for external pins. With no external pins no current limit- 
ing is necessary, thus the 1 k resistor is not used in the drive 
control circuit. 
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Circuit Description (Continued) 




FIGURE 10. Simplified Schematic of LM1205/LM1207 Drive Control 
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Circuit Description (Continued) 

CLAMP COMPARATOR CIRCUIT 

Figure 11 is a simplified schematic of the clamp comparator 
circuit. Q85 and its input transistors, Q81 and Q82 are one 
half of the differential pair. The base of Q81 is connected to 
pin 1 9 via R62. This is the positive input to the comparator. 
Q88 and its input transistors, Q90 and Q91 are the other 
half of the differential pair. The base of Q92 is connected to 
the junction of R19 and R20 in Figure 14 via R73. This is the 
negative input to the comparator. R73 is included only to 
match the input characteristics of the positive input, which 
requires the 100(1 resistor. The negative comparator input is 
the feedback from the output stage as briefly described in 
the block diagram and covered in more detail in the output 
stage circuit description. Q86 is the current source for the 
differential pair. It is turned on and off by the output of the 
clamp gate circuit (Figure 12). Q102 of the clamp gate cir- 
cuit has a current flow of about 225 /xA when it is turned on. 
This current is mirrored into Q86. Assume that the inputs to 
the comparator are equal, making the differential pair bal- 
anced. In this condition Q85 and Q88 each have a current 
flow of 1 13 juA. Looking at the Q85 side of the circuit, Q84 
will also have 113 jxA of current flow. Q80 is set up as a 
current mirror to Q84, but its emitter resistor is one fourth 
the emitter resistance of Q84. Thus the current flow for Q80 
is four times the current flow thru Q84, or 450 jx A. Q83 has 
been added to help drive the base of Q80, increasing the 
accuracy of the current mirror. The collector of Q80 directly 
charges the capacitor as a current source of 450 /xA. R65 is 
added to discharge the charge stored in the bases of Q80 
and Q84. This is necessary to quickly turn off the current 
charge of the clamp capacitor as the comparator section is 
turned off. Q87, Q89, and Q90 work in exactly the same 
way. However, the collector of Q91 drives another current 
mirror with the 450 jxA. This current flows thru Q78. Q77 is a 
current mirror with Q78, thus 450 jixA also flows thru Q77. 
Q79 has been added to help drive the base of Q77, again 
adding to the accuracy of the current mirror. Since Q77 is on 
the ground side of the circuit it discharges the clamp 


capacitor with 450 /x A. In this balanced condition the charge 
and discharge current are equal, thus the voltage across the 
clamp capacitor remains unchanged. 

Going back to the input stages, note that both inputs, Q81 
and Q92, are driven by a 50 /xA current source. This keeps 
both transistors turned on even when the differential pair, 
Q85 and Q88, is turned off. Q82 and Q90 are added to help 
drive the bases of Q85 and Q88 respectively. R64 and R72 
are added to help discharge the charge stored in the bases 
of Q85 and Q88 as these two transistors are turned off. 
Since the input stage remains active the differential pair is 
quickly turned off. The comparator can also be more quickly 
turned on with the input stages remaining active. R67 is 
used to assure that the potential difference across the dif- 
ferential pair is minimal during turnoff. Without R67 there 
could be a little extra charge or discharge of the clamp ca- 
pacitor during turnoff, creating an error in the black level of 
the video signal. Now assume that the input to pin 19 is 
slightly higher than the reference voltage to the negative 
input of the comparator. The voltage at the base of Q85 is 
now higher than the base of Q88. This creates an increased 
current flow thru Q85 and an equal decrease of current flow 
thru Q88. This current change is multiplied by four in the 
increase of current flow thru Q80. Likewise the current flow 
thru Q77 and Q91 is decreased by four times the current 
change in Q88. In the extreme case the current flow thru 
Q80 can increase to 900 ju,A and there would be no current 
flow thru Q77. Q80 does charge the clamp capacitor, thus 
the voltage across the capacitor will increase. The above is 
all reversed when the input to Q92 rises above the input 
level of Q81. If the base of Q86, the current source to the 
differential pair, is forced close to ground, then there is no 
current flow thru Q86 and the differential pair, Q85 and Q88. 
With the current flow thru the differential pair set the zero, 
all the current mirrors would also have no current flow. Thus 
the voltage on the camp capacitor would remain constant, 
the desired result during active video. 
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Circuit Description (Continued) 



CLAMP GATE CIRCUIT 

Figure 12 is a simplified schematic of the Clamp Gate cir- 
cuit. A voltage reference is setup by Z3 and by Q 104 and 
Q105 connected as diodes, generating a 7V base drive to 
Q94, Q99 and Q101. Q94 is used to bias the input stage. 
This stage is designed to accept TTL levels at pin 1 4. Q95 
and Q97 form a differential pair. The base of Q97 is set to 
2.1V by Q99 driving the voltage divider formed by R77 and 
R78. In a balanced condition the base of Q95 is also at 
2.1V. Q96 is connected as a diode and the current flow thru 
it is mirrored into Q98. Also the input to pin 1 4 would be one 
diode drop below 2.1V, or around 1.4V. R74 is added to the 


input for current limiting during any possible voltage surge at 
pin 1 4. With no resistors at the emitters of Q96 and Q98 this 
circuit will quickly switch. Below 1 .4V (1 ,2V typical) Q95 is 
turned on and Q97 is turned off. Above 1 .4V (1 .6 V typical) 
Q97 is turned on and Q95 is turned off. With Q97 turned on 
Q1 00 is also turned on. This pulls the current thru R79 to 
ground, turning off Q102 and Q103. Remember Q102 is a 
current mirror to Q86 in the clamp comparator. With Q102 
turned off, the clamp comparator is also turned off. When 
the input signal goes below 1.2V, Q97 and Q100 will be 
turned off. This allows Q102 to turn on, turning on the clamp 
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Circuit Description (Continued) 

comparators of the three video channels. Q103 is added to 
help drive the base of Q86 in the clamp comparator, in- 
creasing the accuracy of the current mirror. Q101 drives 
R79 and R80. This sets the current thru Q102, thus setting 
the current thru Q86 of the clamp comparator. 

BLANK GATE CIRCUIT 

Figure 13 is a simplified schematic of the Blank Gate circuit. 
With the exception of the simple output stage and the spot 
killer circuit, this circuit is almost identical to the clamp gate 
circuit. The only difference is that the output stage is driven 
from the opposite side of the differential pair. Thus Q111 is 
connected as a diode instead of Q109. With the input at pin 
13 at a low level Q108 is turned on, also turning on Q29, the 
output transistor. Q29 is part of the blanking circuit in the 
output stage shown in Figure 14. When Q29 is turned on the 
output is clamped to a blanking level that is “blacker than 
black”, allowing blanking to be done on the cathodes of the 
CRT. 

The spot killer circuit is used to force the outputs of the 
LM1205/LM1207 into blanking when the Vcc drops below 
10.6V. Forcing the outputs to a blacker-than-black level will 


drive the cathode driver stage well above the black level, 
cutting off the beam current in the CRT. This prevents the 
bright spot from occurring when the monitor is turned off, 
preserving the phosphor of the CRT. The CRT will also have 
its beam current cut off during the time the monitor is first 
turned on. This is not a critical period for the CRT since the 
filaments have not warmed up to generate a current flow. 
The comparator along with R89, R90, and Q1 15 all form the 
spot killer circuit. Q1 1 5 acts the same as Q1 06. When Q1 1 5 
has a high signal at its base it is turned off and the outputs 
of the LM1 205/ LM 1207 are in the normal operating mode. 
A low signal at the base of Q1 1 5 turns on this transistor, 
blanking the outputs of the LM1205/LM1207. Q115 is driv- 
en by the output of the comparator. The inverting input of 
the comparator is connected to an internal 1 .2 V reference. 
The non-inverting side is connected to a resistor divider net- 
work, R89 and R90. When Vqq is above 10.6V the non-in- 
verting input is above the 1 .2 V reference, therefore the out- 
put of the comparator is high. This high output turns off 
Q115. Once the Vcc drops below 10.6V the comparator’s 
output goes low, turning on Q1 1 5 which forces the outputs 
into the blanking mode. 



FIGURE 12. Simplified Schematic of LM1205/LM1207 Clamp Gate Circuit 


TL/H/1 1881 -20 
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Circuit Description (Continued) 





FIGURE 13. Simplified Schematic of LM1205/LM1207 Blank Gate Circuit 


VIDEO AMPLIFIER OUTPUT STAGE WITH BLANK 
CIRCUIT 

Figure 14 is a simplified schematic of the Video Amplifier 
Output Stage including the blanking circuit. Q18 serves as a 
buffer between the DC restoration stage shown in Figure 8 
and the output stage. A current source is used to fix the 
current flow thru Q18 keeping it well within its operating 
range. The emitter of Q18 drives the bases of Q1 9 and Q24 
with the current thru Q24 being twice that of Q19. Q19, 
along with Q20 thru Q23 duplicate the actual output stage 
going to pin 20. Q19 inverts the video signal (note that the 
video signal was inverted at Q7 in Figure 8). With two inter- 
nal inversions of the video signal in the LM 1 205/ LM 1207, 
the output is non-inverted. The collector of Q1 9 gives a gain 
of - 1 0 to the video signal and drives the base of Q20. Q21 
through Q23 are all connected as diodes with the emitter of 
Q23 driving R19 and R20. The junction of R19 and R20 is 
connected to the base of Q92 via R73 (shown in Figure 1 1), 
this being the feedback to the negative input of the clamp 
comparator. This stage is independent of the actual output 
stage at pin 20, but is where the feedback is done for DC 
restoration. Therefore it is possible to blank the actual out- 
put stage below the black level without affecting the DC 
restoration feedback loop. Q24 is the equivalent part of Q19 
in the actual output stage. It also inverts the video signal 
with a gain of - 1 0 and drives the base of Q30. Q30 thru 
Q32 each give a diode drop to the level of the video signal, 
similar to being connected as diodes. Being connected as 


TL/H/1 1881 -21 


emitter-followers these transistors also give current gain to 
the signal. Q33 comes close to also giving a diode drop to 
the signal, the voltage drop across R27 being insignificant. 
R27 has been added to give some isolation between Q33 
and the internal circuits of the LM1205/LM1207, adding to 
the stability of the device. Q33 also has R29 in its emitter for 
isolation from capacitive loads and current limiting from any 
possible voltage surges. R28 is at the collector of Q33 is 
also for current limiting from voltage surges and minimizing 
crosstalk between the three channels through the Vcc line. 
To match the loading of the feedback section the output at 
pin 20 should have a load of 390ft. To minimize power con- 
sumption the feedback section uses resistor values 10 
times larger than those at pin 20. The current source at the 
emitter of Q33 provides for the capability to set the black 
level as low as 0.5V. 

The video signal does go thru a number of diode drops at 
the output stage. One may be concerned that the tracking 
over temperature could be a problem. The feedback section 
has been designed to temperature track the output stage. 
The feedback for DC restoration eliminates the temperature 
coefficients of the diode junctions. The remaining section to 
be covered is the blanking section. This section comprises 
of Q25 thru Q29. Q26 thru Q28 are connected as diodes. 
Q25 provides current gain to this stage to adequately pull 
down the base of Q30 during blanking and also adding an- 
other diode potential. During blanking the base of Q30 will 
be four diode drops above ground, plus the saturation volt- 
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Circuit Description (Continued) 

age of Q29. There are also four diode drops from the base 
of Q30 to the output, pin 20. Therefore during blanking pin 
20 will be less than 100 mV above ground, enabling the 
designer to blank at the cathode of the CRT. R23 is added 
to quickly turn off Q25 by discharging its base when the 
blanking signal is removed. 

Figure 14 also shows the power and ground pins to the 
LM1205/LM1207. All the V G ci P'ns (pins 3, 11, 25) are all 
internally connected together. A 0.1 juF bypass capacitor 
must be located close to each pin and connected to ground. 
Further bypassing is done by a 100 julF capacitor. This ca- 
pacitor needs to be located on the board close to the 
LM1205/LM1207. Pins 22 and 23 are the V CC 2 P'ns. A 
10 /aF and a 0.1 jmF bypass capacitors must be located 
close to pins 22 and 23. Correct bypassing of pins 22 and 
23 is very important. If the bypassing is not adequate then 
the outputs of the LM1205/LM1207 will have ringing, or 
even worse they may oscillate. The ground side of the by- 
pass capacitors at pins 22 and 23 must be returned to a 
ground plane with no interruptions from other traces be- 
tween these capacitors and the ground pins 21 and 24 of 
the LM1205/LM1207. 

Applications of the LM1205/ 
LM1207 

Figure 1 5 is the schematic of the demonstration board de- 
signed at National. Figure 16 is the actual layout of the dem- 
onstration board. Note that the schematic shown in 


Figure 15 is almost identical to the schematic shown in Fig- 
ure 4. The only difference between the two schematics is 
that in Figure 15 each channel has individual adjustments 
for both drive and cutoff, making this circuit a good design 
for monitor applications. Each CRT will have a slightly differ- 
ent cutoff voltage for each color, making it necessary to 
provide separate adjustments in order to accurately set the 
cutoff for each color. The gain of each color of the CRT is 
also slightly different; if the color temperature of the display 
is to be accurately set then each channel of the LM1205/ 
LM1207 must have individual gain adjustments. Thus each 
channel has its own drive control. Once the drive control is 
set, the gain between the three color channels will closely 
track as the contrast is adjusted. All the jumpers needed to 
design a single sided PC board are shown in the schematic. 
The resistors and jumpers with no reference designation are 
the connections between the PC board and the connectors 
mounted on the PC board. CN1 thru CN8 are BNC connec- 
tors. 

A 30H resistor is in series with each of the video inputs. A 
voltage surge may occur at these inputs when either the 
inputs are first connected to another system, or when the 
system is powered up before the monitor is turned on. If this 
voltage surge exceeds the supply voltage (at ground poten- 
tial if the monitor is not powered up) of the LM1205/ 
LM1 207, or goes below ground, current will flow through the 
parasitic devices of the LM1205/LM1207. This current is 
limited by the 30H resistors, preventing a potential cata- 
strophic failure. A 1 0Ofl resistor is added to the Blank Gate 



FIGURE 14. Simplified Schematic of LM1205/LM1207 Video Amplifier Output Stage with Blank Circuit 
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Applications of the LM1205/LM1207 

and Clamp Gate inputs. These two resistors also limit the 
current during a voltage surge. A larger resistor is required 
because these inputs are DC coupled, allowing the current 
to continuously flow into these inputs before the monitor is 
turned on. 1 00a resistors are not recommended at the vid- 
eo inputs because this resistance value will start to roll off 
the frequency response of the LM 1 205/ LM 1207. 

Note that the layout shown in Figure 16 does have a very 
extensive ground plane. One must remember that the 
LM 1 205/ LM 1207 is a 130 MHz/85 MHz part and a single 
sided board is difficult to successfully design. A ground 
plane similar to the layout shown in Figure 16 must be pro- 
vided for good performance of the LM1205/LM1207 when 
using either a single sided or double sided board. The layout 
of this board demonstrates the importance of grounding. 
The results of this layout are shown in Figures 17a through 
17d. In these photographs the LM1205 rise time was 2.25 
ns and its fall time was 3.00 ns. For the LM1207, the rise 
time was 4.10 ns and the fall time 3.85 ns. The output was a 
4 Vpp signal and the cutoff voltage was set to 2V. The 


(Continued) 

overshoot will subsequently be filtered out by the loading 
effects of the CRT driver stage and the CRT itself. When the 
LM1205/LM1207 is designed into a video board one must 
keep the ground to the CRT driver stage separate from the 
ground of the LM1205/LM1207, connecting the two 
grounds together only at one point. National Semiconductor 
also manufactures a line of CRT drivers. Please contact Na- 
tional for additional information. These drivers greatly simpli- 
fy the driver design allowing for shorter design cycles. Of 
course the LM1205/LM1207 can also be designed with a 
discrete driver stage. Figure 18 shows a design using a sim- 
ple cascode CRT driver. The LM1205/LM1207 block would 
be the same schematic as shown in Figure 15. 
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FIGURE 15. Demonstration Board Schematic 
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Applications of the LM1205/LM1207 (Continued) 
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FIGURE 17c. LM1207 Rise Time 


FIGURE 17d. LM1207 Fall Time 
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FIGURE 18. LM1205/LM1207 Typical Application 
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LM1208/LM1209 

130 MHz/100 MHz RGB Video Amplifier System 
with Blanking 


General Description 

The LM1208/LM1209 is a very high frequency video amplifi- 
er system intended for use in high resolution RGB monitor 
applications. In addition to the three matched video amplifi- 
ers, the LM1208/LM1209 contains three gated single end- 
ed input black level clamp comparators for brightness con- 
trol, three matched DC controlled attenuators for contrast 
control, and three DC controlled drive attenuators providing 
independent full range gain control in each channel for wide 
range white balance. All DC control inputs offer high input 
impedance and an operation range from 0V to 4V for easy 
interface to bus controlled alignment systems. The 
LM1208/LM1209 also contains a blanking circuit which 
clamps the video output voltage during blanking to within 
0.1V above ground. This feature provides blanking capabili- 
ty at the cathodes of the CRT. A spot killer is provided for 
CRT phosphor protection during power-down. 

Features 

■ Three wideband video amplifiers 130 MHz @ -3 dB 
(4 Vpp output) 


■ Matched (±0.1 dB or 1.2%) attenuators for contrast 
control 

■ Three externally gated single ended input comparators 
for cutoff and brightness control 

■ 0V to 4V, high input impedance DC contrast control 
(>40 dB range) 

■ 0V to 4V, high input impedance DC full range gain con- 
trol (Drive) for each video channel (>40 dB range) 

■ Spot killer, blanks outputs when Vcc < 10.6V 

■ Capable of 7 Vpp output swing (slight reduction in 
bandwidth) 

■ Output stage blanking 

ft Output stage directly drives most hybrid or discrete 
CRT drivers 

Applications 

■ High resolution RGB CRT monitors 

■ Video AGC amplifiers 

■ Wideband amplifiers with gain and DC offset controls 

■ Interface amplifiers for LCD or CCD systems 


Block and Connection Diagram 



RED DRIVE ADJ. 

RED CUT-OFF ADJ. 

RED VIDEO OUT 

V CC 1 
GROUND 

V CC 2 
V CC 2 
GROUND 

GREEN VIDEO OUT 

GREEN CUT-OFF ADJ. 

GREEN DRIVE ADJ. 

BLUE VIDEO OUT 

BLUE CUT-OFF ADJ. 

BLUE DRIVE ADJ. 


TL/H/ 11884-1 


Order Number LM1208N or LM1209N 
See NS Package Number N28B 
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Absolute Maximum Ratings (Note d Operating Ratings (Note 2) 

If Military/ Aerospace specified devices are required, Temperature Range -20°Cto80°C 

please contact the National Semiconductor Sales Supply Voltage (V G c) 10 .8V <; V C c ^ 13-2V 

Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) 

Pins 3,11, 22, 23, 25 (Note 3) 15V 

Peak Video Output Source Current 
(Any One Amp) Pins 1 7, 20 or 26 28 mA 

Voltage at Any Input Pin (Vin) Vcc ^ Vin ^ GND 

Power Dissipation (Pq) 

(Above 25°C Derate Based on 0 JA and Tj) 2.5W 

Thermal Resistance (0 JA ) 50°C/W , 

Junction Temperature (Tj) 150°C 

ESD Susceptibility (Note 4) 2 kV 

Pins 12, 13, and 14 1.9 kV 

Storage Temperature -65 p Cto150°C 

Lead Temperature (Soldering, 10 sec.) 265°C 

DC Electrical Characteristics See DC Test Circuit (Figure 2 ), T a = 25”C; Vcci = V C C2 = 12V. V 12 = 4V; 
V14 = 0V; V cut - 0 ff = 1.0V; V13 = 4V; Vdnve = 4V unless otherwise stated. 


Symbol 


Supply Current - ■ 

Video Amplifier Input Bias Voltage 
Video Input Resistance 


Conditions 

V CC1 + VcC2> R|_ ^ 00 (Note 7) 
Any One Amplifier 


(Note 5) (Note 6) 



Clamp Gate High Input Current 

Clamp Cap Charge Current 

Clamp Cap Bias Discharge Current 
Blank Gate Low Input Voltage 
Blank Gate High Input Voltage 
Blank Gate Low Input Current 
Blank Gate High Input Current 
Video Output Low Voltage 


Video Output High Voltage 


Video Black Level Output Voltage 


V 14 = 12V 


Clamp Comparators On 


Clamp Comparators Off 


Blank Gate On 


Blank Gate Off 


V 13 = 0V 


V 13 = 12 V 

Vcut-off = ov 


mA (max) 
V 
kfl 


Vi 41 

Clamp Gate Low Input Voltage 

Clamp Comparators On 

1.2 

0.8 

V (max) 

Vi4h 

Clamp Gate High Input Voltage 

Clamp Comparators Off 

1.6 

2.0 

V (min) 

H 41 

Clamp Gate Low Input Current 

> 

0 

ll 

> 

-1 

-5 

jaA (max) 



julA (max) 
juA (min) 
nA 

V (max) 

V (min) 
julA (max) 
juA (max) 

V (max) 


V (min) 


V (Note 8) 


Video A Black Level Output Voltage Between Any Two Amplifiers, 


VoL(blanked) 

Video Output Blanked Voltage 

V 13 = OV 

35 

70 

mV (max) 

• 12 , 15, 18 or 28 

Contrast/Drive Control Input Current 

Vcontrast = Vd r j V e = 0Vto4V 

-250 


nA 

he, 19 and 27 

Cut-Off Control Input Current (All Inputs) 

Vcut-off = 0 V to 4V 

-500 


nA 

VsPOT 

Spot Killer Voltage 

Vcc Adjusted to Activate 

10.4 

10.8 

V (max) 
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AC Electrical Characteristics See AC Test Circuit (Figure 3), T a = 25°C; Vcci = V CC 2 = 12 V. Manually 
adjust Video Output pins 17, 20, and 26 to 4V DC for the AC test unless otherwise stated. (Note 14). 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

Limit 
(Note 6) 

Units 

Av max 

Video Amplifier Gain 

VI 2 = 4V, V| N = 635 mV PP 

Vdrive = 4 V 

7.0 

6.0 

V/V (min) 

16.9 

15.6 

dB (min) 

AA V 2V 

Contrast Attenuation @ 2V 

Ref: A v max, VI 2 = 2V 

-6 


dB 

AA V 0.25V 

Contrast Attenuation @ 0.25V 

Ref: A v max, VI 2 = 0.25V 

-40 


dB 

ADrive2v 

Drive Attenuation @2V 

Ref: Av max, Vdrive = 2V 

-6 


dB 

ADriveo.25V 

Drive Attenuation @0.25V 

Ref: Av max, Vdrive = 0.25V 

-40 


dB 

Av match 

Absolute Gain Match @ Av max 

VI 2 = 4V, Vdrive = 4V (Note 9) 

±0.3 


dB 

Av trackl 

Gain Change Between Amplifiers 

VI 2 = 4V to 2V (Notes 9, 10) 

±0.1 


dB 

THD 

Video Amplifier Distortion 

V 0 = 1 V PP ,f = 10 kHz 

1 


% 

f (-3dB) 

Video Amplifier Bandwidth 
(Notes 11, 12) 

VI 2 = 4V, Vdrive = 4V, 
Vo = 4 Vpp 

LM1208 

130 


MHz 

LM1209 

100 

t r (Video) 

Video Output Rise Time (Note 11) 

Vo = 4 Vpp 

LM1208 

2.8 


ns 

LM1209 

3.2 

tf(Video) 

Video Output Fall Time (Note 1 1 ) 

Vq = 4 Vpp 

LM1208 

3.4 


ns 

LM1209 

3.6 

V sep 10 kHz 

Video Amplifier 10 kHz Isolation 

VI 2 = 4V (Note 13) 

-70 


dB 

V sep 10 MHz 

Video Amplifier 10 MHz Isolation 

V12 = 4V (Notes 11, 13) 

-50 


dB 

t r (Blank) 

Blank Output Rise Time (Note 1 1 ) 

Blank Output = 1 V PP 

7 


ns 

tf(Blank) 

Blank Output Fall Time (Note 11) 

Blank Output = 1 V PP 

7 


ns 

tpw(Clamp) 

Min. Back Porch Clamp Pulse Width 


200 


ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 

Note 3: Vcc supply pins 3, 1 1 , 22, 23, 25 must be externally wired together to prevent internal damage during V<x power on/off cycles. 

Note 4: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 5: Typical specifications are specified at +25°C and represent the most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AQQL (Average Outgoing Quality Level). 

Note 7: The supply current specified is the quiescent current for Vcci and Vcc2 with Rl = 00 . see Figure 2's test circuit. The supply current for Vcc2 (P' n 23) also 
depends on the output load. With video output at IV DC, the additional current through Vcc2 is 8 mA for Figure 2’s test circuit. 

Note 8: Output voltage is dependent on load resistor. Test circuit uses R[_ = 39011. 

Note 9: Measure gain difference between any two amplifiers. Vjn = 635 mVpp. 

Note 10: AAy track is a measure of the ability of any two amplifiers to track each other and quantifies the matching of the three attenuators. It is the difference in 
gain change between any two amplifiers with the contrast voltage (VI 2) at either 4V or 2 V measured relative to an Ay max condition, VI 2 = 4V. For example, at Ay 
max the three amplifiers’ gains might be 17.1 dB, 16.9 dB and 16.8 dB and change to 1 1.2 dB, 10.9 dB, and 10.7 dB respectively for VI 2 = 2 V. This yields the 
measured typical ± 0.1 dB channel tracking. 

Note 11: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board without socket is 
recommended. Video amplifier 10 MHz isolation test also requires this printed circuit board. The reason for a double sided full ground plane PCB is that large 
measurement variations occur in single sided PCBs. 

Note 12: Adjust input frequency from 10 MHz (Ay max reference level) to the -3 dB corner frequency (f —3 de)- 

Note 13: Measure output levels of the other two undriven amplifiers relative to the driven amplifier to determine channel separation. Terminate the undriven 
amplifier inputs to simulate generator loading. Repeat test at f|N = 10 MHz for V sep 10 MHz- 

Note 14: During the AC tests the 4 V DC level is the center voltage of the AC output signal. For example, if the output is 4 Vpp the signal will swing between 2V DC 
and 6V DC. 
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Typical Performance Characteristics (Vcc = 12V, t a = 25°C unless otherwise specified) 


Attenuation vs Contrast Voltage 
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LM1208 Crosstalk vs Frequency 
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LM1208 Contrast vs Frequency 



0 

V12 - 4.0V 

-to 

= 1.50V 
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Applications Information (Continued) 

Figure 5 shows the block diagram of a typical analog RGB 
color monitor. The RGB monitor is used with CAD/CAM 
work stations, PC’s, arcade games and in a wide range of 
other applications that benefit from the use of color display 
terminals. The RGB color monitor characteristics may differ 
in such ways as sweep rates, screen size, CRT color trio 
spacing (dot pitch), or in video amplifier bandwidths but will 
still be generally configured as shown in Figure 5. Separate 
horizontal and vertical sync signals may be required or they 
may be contained in the green video input signal. The video 
input signals are usually supplied by coax cable which is 
terminated into 75 11 at the monitor input and internally AC 
coupled to the video amplifiers. These input signals are ap- 
proximately IV peak to peak in amplitude and at the input of 
the high voltage video section, approximately 5 V peak to 
peak. At the cathode of the CRT the video signals can be as 
high as 60V peak to peak. One important requirement of the 
three video amplifiers is that they match and track each 
other over the contrast and brightness control range. The 
Figure 5 block labeled “VIDEO AMPLIFICATION WITH 
GAIN AND DC CONTROL” describes the function of the 
LM1208/LM1209 which contains the three matched video 
amplifiers, contrast control and brightness control. The 
LM1208/LM1209 also provides the capability to blank at the 
cathode of the CRT. 

Functional Description 

Figure 6 is a detailed block diagram of the green channel of 
the LM1208/LM1209 along with the recommended external 
components. The 1C pin numbers are circled and all external 
components are shown outside the dashed line. The other 
two video channels are identical to the green channel, only 
the numbers to the pins unique to each channel are differ- 
ent. The input video is normally terminated into 75fl. The 


termination resistor depends on the impedance of the coax 
cable being used, 75ft being the most common impedance 
used in video applications. The video signal is AC coupled 
through a 1 0 juF capacitor to the input, pin 6. There is no 
standard for the DC level of a video signal, therefore the 
signal must be AC coupled to the LM1208/LM1209. Internal 
to the LM1208/LM1209 is a 2.8V reference, giving the input 
video an offset voltage of 2.8V. This voltage was selected to 
give the input video enough DC offset to guarantee that the 
lowest voltage of the video signal at pin 6 is far enough 
above ground to keep the LM 1 208/ LM 1209 in the active 
region. The 20011 resistor at the input is for ESD protection 
and for current limiting during any voltage surge that may 
occur at the input, driving pin 6 above Vcc- The input video 
signal is buffered by -A1. In this circuit description an in- 
verting amplifier is shown with a (minus sign) in front of 
the amplifier designation. The output of -A1 goes to the 
contrast and drive attenuator sections. 

The contrast and drive control sections are virtually identi- 
cal. Both sections take a 0V to 4V input voltage, 4V giving 
the maximum gain for either the contrast or the drive. This is 
a high impedance input, allowing for an easy interface to 5V 
DACs. One may also use 1 00k potentiometers with no deg- 
radation in performance. The contrast control section is 
common to all three channels. It converts the input voltage 
at pin 1 2 to a couple of internal DC voltages that control the 
gain of the contrast attenuator. Referring to the Attenuation 
vs Contrast Voltage under typical performance characteris- 
tics note that a 4V control voltage results in no attenuation 
of the video signal. A 0.25V control voltage results in an 
attenuation of 40 dB. Again note that these internal control 
voltages are common to all three channels. To minimize 
crosstalk, these voltages go to pins 1 and 2. Minimizing 
crosstalk is done by adding the RC network shown in the 
block diagram (Figure 6). 



TL/H/1 1884-10 


FIGURE 5. Typical RGB Color Monitor Block Diagram 
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Functional Description (Continued) 

The OV to 4V drive control signal comes in on pin 18. Each 
channel has its own drive section, therefore the crosstalk 
compensation needed for the contrast control voltages is 
not required for the drive control, thus no external pins for 
the drive control. The drive attenuator features a full range 
gain control over 40 dB. This gives no attenuation of the 
video signal with a 4V control voltage. A 0.25V control volt- 
age results in an attenuation of 40 dB. 

The output of the drive attenuator stage goes to A2, the 
amplifier in the DC restoration section. The video signal 
goes to the non-inverting input of A2. The inverting side of 
A2 goes to the output of gml , the clamp comparator, and 
the clamp capacitor at pin 8. 

During the back porch period of the video signal a negative 
going clamp pulse from pin 14 is applied to the clamp com- 
parator, turning on the comparator. This period is where the 
black level of the video signal at the output of the LM1208/ 
LM1209 is compared to the desired black level which is set 
at pin 19. Figure 7 shows the timing of the clamp pulse 
relative to the video signal. The clamp capacitor is charged 
or discharged by gml, generating the correction voltage 
needed at the inverting input of A 2 to set the video output to 
the correct DC level. Removing the clamp pulse turns off 
gml with the correction voltage being maintained by the 
clamp capacitor during active video. Both the clamp pulse 
and the blank pulse at pin 13 are TTL voltage levels. 

There are actually two output sections, - A3 and -A4. Both 
sections have been designed to be identical, except -A4 
has more current drive capability. The output transistor 
shown is part of -A4, but has been shown separately so 
the user knows the configuration of the output stage. -A3 
does not go to the outside world, it is used for feeding back 
the video signal for DC restoration. Its output goes directly 
to the inverting input of the clamp comparator via the volt- 


age divider formed by the 500ft and 4k resistors. -A4 will 
be close to the same output as -A3 and will temperature 
track due to the similar design of the two output stages. 
However, the current at the output of r- A4 will be ten times 
the current at the output of - A3. To balance both outputs, a 
load resistance of 390ft needs to be connected from pin 20, 
the green video output pin, to ground. Another input to - A4 
is the blank pulse. When a negative going blank pulse is 
applied to pin 13, the output of the LM1208/LM1209 is driv- 
en to less than 0.1V above ground. Using the timing shown 
in Figure 7 for the blank pulse, the output of the LM1208/ 
LM1209 will be less than 0.1V during the inactive portion of 
the video signal. This is a “blacker than black” condition, 
blanking the CRT at the cathodes. By using the blank func- 
tion of the LM 1208/ LM 1209 no grid blanking is necessary. 
Note that the DC restoration is done by feeding back the 
video signal from -A3, but blanking is done at -A4. By 
using the two output stages, blanking can be done at the 
CRT cathodes, and at the same time activate the DC resto- 
ration loop. 

Vcci 9° es t0 P ins 3. 1 1 and 25 ( see Figure 1 ). These three 
pins are all internally connected. For proper operation of the 
LM1208/LM1209 it is necessary to connect all the Vcci 
pins to the input power to the PCB and bypass each pin with 
a 0.1 juF capacitor. Vcc2 * s the input power at pins 22 and 
23 for the three output stages. This is a separate power 
input from Vcci. there are no internal connections between 
the two different power inputs. There must be a connection 
on the PCB between Vcci and Vcc2- P' ns 22 and 23 must 
be bypassed by a parallel connection of a 10 jaF and 0.1 juF 
capacitors. The ground connections for the LM1208/ 
LM1209 are at pins 7, 21, and 24. All three ground pins are 
internally connected, and these pins must also be connect- 
ed externally to a good ground plane for proper operation of 
the LM1208/LM1209. 
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FIGURE 6. Block Diagram of LM1208/LM1209 Video Amplifier 
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FIGURE 7. Timing Diagram 


Circuit Description 


VIDEO AMPLIFIER INPUT STAGE 

Figure 8 is a simplified schematic of one of the three video 
amplifiers input stage along with the recommended external 
components. The 1C pin numbers are circled and all external 
components are shown outside the dashed line. The video 


input is applied to pin 6 via a 10 ju-F coupling capacitor and a 
30H resistor. The resistor is added to limit the current 
through the input pin should an applied voltage surge rise 
above Vqq or drop below ground. The performance of the 
LM1 208/LM1209 is not degraded by the 30H resistor. How- 
ever, if EMI is a concern this resistor can be increased to 
well over 100ft where the rise and fall times will start to 
become longer. DC bias to the input pin is provided by Q5 
and its associated input circuitry. Z1 is a 5.6V zener that 
generates the input bias voltage. Q1 is a buffer to the zener 
reference voltage with 5.0V generated at its emitter. Q3 and 
Q4 are connected as diodes. Q2 is close to being a diode in 
this circuit. This configuration will give about 2.0V at the 
collector of Q2. R2 and R3 are a voltage divider, setting the 
base of Q5 to about 3.5 V. This sets the emitter of Q5 to 
about 2.8 V, the bias voltage of the video input. This bias 
voltage is necessary to assure that the entire video signal 
stays within the active operating region of the LM1208/ 
LM1209. The bias voltage goes through R6, a 20k resistor, 
to the video input at pin 6. R4 and R6 are of the same value 
and R4 is used to compensate for beta variations of the 
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Circuit Description (Continued) 

transistors. Note that the bias voltage passes through three 
diode drops (Q5, Q6, and Q7) before setting the voltage 
across R9. Q2, Q3, and Q4 also provide three diode drops 
to the bias voltage at the base of Q5, temperature compen- 
sating for the diode drops of Q5, Q6, and Q7. This insures 
that the bias voltage across R9 remains very constant over 
temperature, providing an accurate bias current for the dif- 
ferential transistor pair Q8 and Q9, thus assuring proper op- 
eration of the contrast control. 

Q6 serves as a buffer to the input video signal. Its emitter 
drives the base of Q7. Thus the video signal modulates the 
current flowing through R9, which in turn modulates the cur- 
rents through the differential pair formed by Q8 and Q9. The 
current flow through Q8 and Q9 is controlled by a DC volt- 
age from the Contrast Control circuit. This DC voltage is 
common to all three channels. Increasing the voltage to the 
base of Q9 with respect to the base of Q8 increases the 
current flow through Q9. A higher current flow through Q9 
increases the video gain (contrast) of the LM1 208/ LM 1209. 
Q10 and Q1 1 also form a differential pair at the collector of 
Q9. The operation of this differential pair is similar to Q8 and 
Q9. The DC control voltage is from the Drive Control cir- 


cuits. Each channel has its own drive control circuit. In- 
creasing the voltage to the base of Q1 1 increases the video 
gain (drive) of the LM1208/LM1209. At a 4V control voltage 
the gain of the LM1208/LM1209 is at maximum, with all the 
current flowing through Q1 1 . If all the current was flowing 
through Q10, the video signal attenuation would be over 
40 dB, the maximum attenuation. Q1 2 through Q17 are part 
of the final section shown in Figure 8. DC restoration is done 
at this stage. The clamp comparator (Figure 1 1) drives the 
clamp cap at pin 8 to a voltage that sets the correct black 
level of the video signal. This cap is also connected to the 
base of Q17. Q17 and Q16 are one half of the darlington 
differential pair. The clamp cap voltage establishes the cur- 
rent flow through R16, Q15, and R15. With the bases of 
Q14 and Q15 held to the same voltage the current through 
Q15 is mirrored into Q14 and the other half of the differen- 
tial pair, Q12 and Q13. By this current mirror the voltage at 
the collector of Q14 is set to the correct DC value for the 
video signal by controlling the voltage drop across R13, 
completing the DC restoration. 
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Circuit Description (Continued) 

CONTRAST CONTROL 

Figure 9 is a simplified schematic of the Contrast Control 
circuit. The output of this circuit is common to all three chan- 
nels. A reference voltage is generated by Z2, Q34, Q35, 
R30, and R31. Q36, Q39, and Q41 are all current sources 
that are controlled by the reference voltage. The contrast 
signal has a 0 V to 4 V range with its input at pin 12. R32 is 
used for current limiting any voltage surge that may occur at 
pin 12. Note that the input stage (Q37, Q38, and Q42) are 
all PNP transistors. This configuration is necessary for oper- 
ation down to near ground. At Q44 the input voltage is con- 
verted to a current by R33. The input stage will apply the 
same voltage across R33 as is applied at the input and with 
no temperature variations from the transistors. Q37 is con- 
nected to a current source (Q36) to keep a constant current 
flow through Q37 and a predictable diode voltage for the 
base-emitter of Q37. Q40 is connected as a diode and is 
biased by the current source Q39. The current through Q40 
is mirrored into Q43, giving a current bias for Q42. Again this 
is done to give a predictable diode voltage for Q42. Q41 is a 
current source for both Q38 and Q42. With the current 
through Q42 already established, the rest of the current 
from Q41 flows through Q38. As one can see the input volt- 
age is accurately reflected across R33 with no temperature 
coefficients from the input stage of the contrast control cir- 
cuit. 

Pin 1 of the contrast control output is held at a constant 
voltage two diode drops below y 2 Vcc- To generate this ref- 
erence the base of Q51 is held at exactly y 2 Vcc- R44 and 
R45 form a voltage divider. With both Q53 and Q54 con- 
nected as diodes the voltage at the junction of R44 and R45 
is y 2 V CC plus one diode drop. Q52 is a buffer to this refer- 
ence voltage, generating exactly y 2 Vcc at its emitter. Q51 is 
used to drive the bases of Q49 and Q50 to one diode drop 
below the reference voltage. Q50 is used to further buffer 
the reference voltage to the base of Q9 (see Figure 8) and 
the corresponding transistors in the other channels. Q48 is 
used to bias the collector of Q49 to y 2 Vcc, the same volt- 
age as the collector of Q47 when the differential pair is bal- 
anced. This keeps the characteristics of Q47 and Q49 well 
matched. Going back to Q44 and R33; these parts set up a 
current source that varies the current through R36. With a 
2V contrast voltage the differential pair is balanced, mean- 
ing that the voltage drop across R36 is y 2 Vcc- Q45 buffers 
the voltage at R36, driving the bases of Q46 and Q47. Q46 
further buffers the voltage, driving the base of Q8 (see Fig- 
ure 8) and the corresponding transistors in the other two 


channels. In the balanced condition the voltage at pin 2 will 
also be two diode drops below y 2 Vcc, giving a well bal- 
anced drive to the differential pair consisting of Q8 and Q9 
in the video amplifier input stage. With the contrast voltage 
set to OV, the voltage at pin 2 will increase by about 400 mV 
to 500 mV. A 4V contrast voltage decreases the voltage at 
pin 2 by about 400 mV to 500 mV from the balanced condi- 
tion. Reviewing Figure 8 note that decreasing the voltage at 
pin 2 will decrease the current flow through Q8. Thus the 
current flow through Q9 increases, increasing the gain of 
the LM1208/LM1209. So increasing the contrast control 
voltage at pin 12 increases the gain of the LM1208/ 
LM1209. The contrast control voltage from Q46 and Q50 is 
common to all three channels. To minimize crosstalk it is 
necessary to add a decoupling capacitor of 0.1 juF across 
R37 and R40. Since this can only be done externally, these 
two nodes are brought out to pins 1 and 2. The 30fl resistor 
is added in series with the capacitor for improving stability. 
To prevent a destructive current surge due to shorting either 
pins 1 or 2 to ground R38 was added for current limiting. 

DRIVE CONTROL 

Figure 10 is a simplified schematic of the Drive Control cir- 
cuit. Each channel has its own drive control circuit. This 
circuit is almost identical to Figure 9, the contrast control 
circuit. It will be easier to cover the differences between the 
two circuits instead of going through virtually the same cir- 
cuit description. Note that the input stage is exactly the 
same. The generation of the reference voltage at the right 
hand side of Figure 10 is slightly different than the circuit in 
Figure 9. In the drive control circuit the reference voltage at 
the base of Q72 is to be 2 / 3 Vcc- In the contrast control 
circuit the reference voltage at the base of Q51 was to be 
y 2 V CC . To generate the 2 / 3 Vcc R57 and R58 form a 2 to 1 
voltage divider. With the two to one ratio it is now necessary 
to have three transistors connected as diodes, which are 
Q74, Q75, and Q76. Q73 is the buffer for this voltage divider 
and its emitter is exactly 2 / 3 Vcc with temperature compen- 
sation. R52 and R53 also differ from their corresponding 
resistors in Figure 9, R36 and R39. The value difference is 
so the base of Q66 is also at 2 / 3 Vcc when the input drive 
voltage is at 2 V. R38 in Figure 9 was needed for current 
limiting at the output pins. Since each channel has its own 
drive control circuit no filtering is required, eliminating the 
need for external pins. With no external pins no current limit- 
ing is necessary, thus the 1 k resistor is not used in the drive 
control circuit. 
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Circuit Description (Continued) 

CLAMP COMPARATOR CIRCUIT 

Figure 11 is a simplified schematic of the clamp comparator 
circuit. Q85 and its input transistors, Q81 and Q82 are one 
half of the differential pair. The base of Q81 is connected to 
pin 1 9 via R62. This is the positive input to the comparator. 
Q88 and its input transistors, Q90 and Q91 are the other 
half of the differential pair. The base of Q92 is connected to 
the junction of R19 and R20 in Figure 14 via R73. This is the 
negative input to the comparator. R73 is included only to 
match the input characteristics of the positive input, which 
requires the 100H resistor. The negative comparator input is 
the feedback from the output stage as briefly described in 
the block diagram and covered in more detail in the output 
stage circuit description. Q86 is the current source for the 
differential pair. It is turned on and off by the output of the 
clamp gate circuit (Figure 12). Q102 of the clamp gate cir- 
cuit has a current flow of about 225 /aA when it is turned on. 
This current is mirrored into Q86. Assume that the inputs to 
the comparator are equal, making the differential pair bal- 
anced. In this condition Q85 and Q88 each have a current 
flow of 1 13 ju,A. Looking at the Q85 side of the circuit, Q84 
will also have 113 julA of current flow. Q80 is set up as a 
current mirror to Q84, but its emitter resistor is one fourth 
the emitter resistance of Q84. Thus the current flow for Q80 
is four times the current flow thru Q84, or 450 juA. Q83 has 
been added to help drive the base of Q80, increasing the 
accuracy of the current mirror. The collector of Q80 directly 
charges the capacitor as a current source of 450 jaA. R65 is 
added to discharge the charge stored in the bases of Q80 
and Q84. This is necessary to quickly turn off the current 
charge of the clamp capacitor as the comparator section is 
turned off. Q87, Q89, and Q90 work in exactly the same 
way. However, the collector of Q91 drives another current 
mirror with the 450 jaA. This current flows thru Q78. Q77 is a 
current mirror with Q78, thus 450 ju,A also flows thru Q77. 
Q79 has been added to help drive the base of Q77, again 
adding to the accuracy of the current mirror. Since Q77 is on 
the ground side of the circuit it discharges the clamp 


capacitor with 450 jaA. In this balanced condition the charge 
and discharge current are equal, thus the voltage across the 
clamp capacitor remains unchanged. 

Going back to the input stages, note that both inputs, Q81 
and Q92, are driven by a 50 ju,A current source. This keeps 
both transistors turned on even when the differential pair, 
Q85 and Q88, is turned off. Q82 and Q90 are added to help 
drive the bases of Q85 and Q88 respectively. R64 and R72 
are added to help discharge the charge stored in the bases 
of Q85 and Q88 as these two transistors are turned off. 
Since the input stage remains active the differential pair is 
quickly turned off. The comparator can also be more quickly 
turned on with the input stages remaining active. R67 is 
used to assure that the potential difference across the dif- 
ferential pair is minimal during turnoff. Without R67 there 
could be a little extra charge or discharge of the clamp ca- 
pacitor during turnoff, creating an error in the black level of 
the video signal. Now assume that the input to pin 19 is 
slightly higher than the reference voltage to the negative 
input of the comparator. The voltage at the base of Q85 is 
now higher than the base of Q88. This creates an increased 
current flow thru Q85 and an equal decrease of current flow 
thru Q88. This current change is multiplied by four in the 
increase Of current flow thru Q80. Likewise the current flow 
thru Q77 and Q91 is decreased by four times the current 
change in Q88. In the extreme case the current flow thru 
Q80 can increase to 900 jaA and there would be no current 
flow thru Q77. Q80 does charge the clamp capacitor, thus 
the voltage across the capacitor will increase. The above is 
all reversed when the input to Q92 rises above the input 
level of Q81. If the base of Q86, the current source to the 
differential pair, is forced close to ground, then there is no 
current flow thru Q86 and the differential pair, Q85 and Q88. 
With the current flow thru the differential pair set the zero, 
all the current mirrors would also have no current flow. Thus 
the voltage on the camp capacitor would remain constant, 
the desired result during active video. 
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CLAMP GATE CIRCUIT 

Figure 12 is a simplified schematic of the Clamp Gate cir- 
cuit. A voltage reference is setup by Z3 and by Q104 and 
Q105 connected as diodes, generating a 7V base drive to 
Q94, Q99 and Q101. Q94 is used to bias the input stage. 
This stage is designed to accept TTL levels at pin 1 4. Q95 
and Q97 form a differential pair. The base of Q97 is set to 
2.1V by Q99 driving the voltage divider formed by R77 and 
R78. In a balanced condition the base of Q95 is also at 
2.1V. Q96 is connected as a diode and the current flow thru 
it is mirrored into Q98. Also the input to pin 1 4 would be one 
diode drop below 2.1V, or around 1.4V. R74 is added to the 


input for current limiting during any possible voltage surge at 
pin 1 4. With no resistors at the emitters of Q96 and Q98 this 
circuit will quickly switch. Below 1.4V (1.2V typical) Q95 is 
turned on and Q97 is turned off. Above 1.4V (1.6V typical) 
Q97 is turned on and Q95 is turned off. With Q97 turned on 
Q100 is also turned on. This pulls the current thru R79 to 
ground, turning off Q102 and Q103. Remember Q102 is a 
current mirror to Q86 in the clamp comparator. With Q102 
turned off, the clamp comparator is also turned off. When 
the input signal goes below 1.2V, Q97 and Q100 will be 
turned off. This allows Q102 to turn on, turning on the clamp 
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comparators of the three video channels. Q103 is added to 
help drive the base of Q86 in the clamp comparator, in- 
creasing the accuracy of the current mirror. Q101 drives 
R79 and R80. This sets the current thru Q102, thus setting 
the current thru Q86 of the clamp comparator. 

BLANK GATE CIRCUIT 

Figure 13 is a simplified schematic of the Blank Gate circuit. 
With the exception of the simple output stage and the spot 
killer circuit, this circuit is almost identical to the clamp gate 
circuit. The only difference is that the output stage is driven 
from the opposite side of the differential pair. Thus Q1 1 1 is 
connected as a diode instead of Q109. With the input at pin 
13 at a low level Q108 is turned on, also turning on Q29, the 
output transistor. Q29 is part of the blanking circuit in the 
output stage £hown in Figure 14. When Q29 is turned on the 
output is clamped to a blanking level that is “blacker than 
black”, allowing blanking to be done on the cathodes of the 
CRT. 

The spot killer circuit is used to force the outputs of the 
LM 1 208/ LM 1209 into blanking when the Vcc drops below 
10.6V. Forcing the outputs to a blacker-than-black level will 


drive the cathode driver stage well above the black level, 
cutting off the beam current in the CRT. This prevents the 
bright spot from occurring when the monitor is turned off, 
preserving the phosphor of the CRT. The CRT will also have 
its beam current cut off during the time the monitor is first 
turned on. This is not a critical period for the CRT since the 
filaments have not warmed up to generate a current flow. 
The comparator along with R89, R90, and Q1 1 5 all form the 
spot killer circuit. Q1 15 acts the same as Q106. When Q1 15 
has a high signal at its base it is turned off and the outputs 
of the LM 1 208 /LM 1209 are in the normal operating mode. 
A low signal at the base of Q115 turns on this transistor, 
blanking the outputs of the LM1 208/ LM 1209. Q115 is driv- 
en by the output of the comparator. The inverting input of 
the comparator is connected to an internal 1 .2 V reference. 
The non-inverting side is connected to a resistor divider net- 
work, R89 and R90. When Vcc is above 10.6V the non-in- 
verting input is above the 1.2V reference, therefore the out- 
put of the comparator is high. This high output turns off 
Q115. Once the Vcc drops below 10.6V the comparator’s 
output goes low, turning on Q115 which forces the outputs 
into the blanking mode. 
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FIGURE 12. Simplified Schematic of LM1208/LM1209 Clamp Gate Circuit 
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FIGURE 13. Simplified Schematic of LM1208/LM1209 Blank Gate Circuit 


VIDEO AMPLIFIER OUTPUT STAGE WITH BLANK 
CIRCUIT 

Figure 14 is a simplified schematic of the Video Amplifier 
Output Stage including the blanking circuit. Q1 8 serves as a 
buffer between the DC restoration stage shown in Figure 8 
and the output stage. A current source is used to fix the 
current flow thru Q18 keeping it well within its operating 
range. The emitter of Q18 drives the bases of Q1 9 and Q24 
with the current thru Q24 being twice that of Q19. Q19, 
along with Q20 thru Q23 duplicate the actual output stage 
going to pin 20. Q19 inverts the video signal (note that the 
video signal was inverted at Q7 in Figure 8). With two inter- 
nal inversions of the video signal in the LM1208/LM1209, 
the output is non-inverted. The collector of Q1 9 gives a gain 
of -10 to the video signal and drives the base of Q20. Q21 
through Q23 are all connected as diodes with the emitter of 
Q23 driving R19 and R20. The junction of R19 and R20 is 
connected to the base of Q92 via R73 (shown in Figure 1 1), 
this being the feedback to the negative input of the clamp 
comparator. This stage is independent of the actual output 
stage at pin 20, but is where the feedback is done for DC 
restoration. Therefore it is possible to blank the actual out- 
put stage below the black level without affecting the DC 
restoration feedback loop. Q24 is the equivalent part of Q1 9 
in the actual output stage. It also inverts the video signal 
with a gain of -10 and drives the base of Q30. Q30 thru 
Q32 each give a diode drop to the level of the video signal, 
similar to being connected as diodes. Being connected as 
emitter-followers these transistors also give current gain to 


the signal. Q33 comes close to also giving a diode drop to 
the signal, the voltage drop across R27 being insignificant. 
R27 has been added to give some isolation between Q33 
and the internal circuits of the LM1208/LM1209, adding to 
the stability of the device. Q33 also has R29 in its emitter for 
isolation from capacitive loads and current limiting from any 
possible voltage surges. R28 is at the collector of Q33 is 
also for current limiting from voltage surges and minimizing 
crosstalk between the three channels through the Vcc line. 
To match the loading of the feedback section the output at 
pin 20 should have a load of 390fl. To minimize power con- 
sumption the feedback section uses resistor values 10 
times larger than those at pin 20. The current source at the 
emitter of Q33 provides for the capability to set the black 
level as low as 0.5V. 

The video signal does go thru a number of diode drops at 
the output stage. One may be concerned that the tracking 
over temperature could be a problem. The feedback section 
has been designed to temperature track the output stage. 
The feedback for DC restoration eliminates the temperature 
coefficients of the diode junctions. The remaining section to 
be covered is the blanking section. This section comprises 
of Q25 thru Q29. Q26 thru Q28 are connected as diodes. 
Q25 provides current gain to this stage to adequately pull 
down the base of Q30 during blanking and also adding an- 
other diode potential. During blanking the base of Q30 will 
be four diode drops above ground, plus the saturation volt- 
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Circuit Description (Continued) 

&ge of Q29. There are also four diode drops from the base 
of Q30 to the output, pin 20. Therefore during blanking pin 
20 will be less than 100 mV above ground, enabling the 
designer to blank at the cathode of the CRT. R23 is added 
to quickly turn off Q25 by discharging its base when the 
blanking signal is removed. 

Figure 14 also shows the power and ground pins to the 
LM1208/LM1209. All the V C ci pins (pins 3, 11, 25) are all 
internally connected together. A 0.1 jiF bypass capacitor 
must be located close to each pin and connected to ground. 
Further bypassing is done by a 1 00 ju,F capacitor. This ca- 
pacitor needs to be located on the board close to the 
LM1208/LM1209. Pins 22 and 23 are the Vcc2 P> ns - These 
pins may need a ferrite bead in series with the input power. 
A 10 fxF and a 0.1 fiF bypass capacitors must be located 
close to pins 22 and 23. Correct bypassing of pins 22 and 
23 is very important. If the bypassing is not adequate then 
the outputs of the LM1208/LM1209 will have ringing, or 
even worse they may oscillate. The ground side of the by- 
pass capacitors at pins 22 and 23 must be returned to a 
ground plane with no interruptions from other traces be- 
tween these capacitors and the ground pins 21 and 24 of 
the LM1208/LM1209. 

Applications of the LM1208/ 
LM1209 

Figure 1 5 is the schematic of the demonstration board de- 
signed at National. Figure 16 is the actual layout of the dem- 
onstration board. Note that the schematic shown in 


Figure 15 is almost identical to the schematic shown in Fig- 
ure 4. The only difference between the two schematics is 
that in Figure 15 each channel has individual adjustments 
for both drive and cutoff, making this circuit a good design 
for monitor applications. Each CRT will have a slightly differ- 
ent cutoff voltage for each color, making it necessary to 
provide separate adjustments in order to accurately set the 
cutoff for each color. The gain of each color of the CRT is also 
slightly different; if the color temperature of the display is to 
be accurately set then each channel of the LM1208/ 
LM1209 must have individual gain adjustments. Thus each 
channel has its own drive control. Once the drive control is 
set, the gain between the three color channels will closely 
track as the contrast is adjusted. All the jumpers needed to 
design a single sided PC board are shown in the schematic. 
The resistors and jumpers with no reference designation are 
the connections between the PC board and the connectors 
mounted on the PC board. CN1 thru CN8 are BNC connec- 
tors. 

A 30ft resistor is in series with each of the video inputs. A 
voltage surge may occur at these inputs when either the 
inputs are first connected to another system, or when the 
system is powered up before the monitor is turned on. If this 
voltage surge exceeds the supply voltage (at ground poten- 
tial if the monitor is not powered up) of the LM1208/ 
LM1209, or goes below ground, current will flow through the 
parasitic devices of the LM1208/LM1209. This current is 
limited by the 30ft resistors, preventing a potential cata- 
strophic failure. A 1 00ft resistor is added to the Blank Gate 
and Clamp Gate inputs. These two resistors also limit 



FIGURE 14. Simplified Schematic of LM1208/LM1209 Video Amplifier Output Stage with Blank Circuit 
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LM1208/LM1209 



LM1208/LM1209 


Applications of the LM1208/LM1209 

the current during a voltage surge. A larger resistor is, re- 
quired because these r inputs are DC coupled, allowing the 
current to continuously flow into these inputs before the 
monitor is turned on. 100ft resistors are not recommended 
at the video inputs because this resistance value will start to 
roll off the frequency response of the LM1208/LM1209. 
Note that the layout shown in Figure 16 does have a very 
extensive ground plane. One must remember that the 
LM1 208/ LM 1209 is a 130 MHz/100 MHz part and a single 
sided board is difficult to successfully design. A ground 
plane similar to the layout shown in Figure 16 must be pro- 
vided for good performance of the LM1208/LM1209 when 
using either a single sided or double sided board. The layout 
of this board demonstrates the importance of grounding. 
The results of this layout are shown in Figures 17a through 
17d. In these photographs the LM1208 rise time was 
2.40 ns and the fall time was 3.00 ns. For the LM1209, the 
rise time was 3.05 ns and the fall time was 3.45 ns. The 
output was a 4 Vpp signal and the cutoff voltage was set to 
2V. The overshoot will subsequently be filtered out by the 


(Continued) 

loading effects of the CRT driver stage and the CRT itself. 
When the LM1208/LM1209 is designed into a video board 
one must keep the ground to the CRT driver stage separate 
from the ground of the LM 1 208/ LM 1209, connecting the 
two grounds together only at one point. National Semicon- 
ductor also manufactures a line of CRT drivers. Please con- 
tact National for additional information. These drivers great- 
ly simplify the driver design allowing for shorter design cy- 
cles. Of course the LM1208/LM1209 can also be designed 
with a discrete driver stage. Figure 18 shows a design using 
a simple cascode CRT driver. The LM1208/LM1209 block 
would be the same schematic as shown in Figure 15. 

REFERENCES 

Zahid Rahim, “Guide to CRT Video Design,” Application 
Note 861, National Semiconductor Corp., Jan. 1993 
Ott, Henry W. Noise Reduction Techniques in Electronic 
Systems, John Wiley & Sons, New York, 1976 



2-140 





LM1208/LM1209 









LM 1 208/ LM 1209 


Applications of the LM1208/LM1209 (Continued) 




FIGURE 17b. LM1208 Fall Time 


FIGURE 17a. LM1208 Rise Time 


TL/H/1 1884-28 


FIGURE 17c. LM1209 Rise Time 


FIGURE 17d. LM1209 Fall Time 


LM 1 208/ 390 
LM 1 209 


FIGURE 18. LM1208/LM1209 Typical Application 
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N a tional 


Semiconductor 


PRELIMINARY 


LM1212 

230 MHz Video Amplifier System with OSD Blanking 


General Description 

The LM1212 is a very high frequency video amplifier system 
intended for use in high resolution monochrome or RGB 
color monitor applications with OSD. In addition to the wide- 
band video amplifier the LM1212 contains a gated differen- 
tial input black level clamp comparator for brightness con- 
trol, a DC controlled attenuator for contrast control and a 
DC controlled sub contrast attenuator for drive control. The 
DC control for the contrast attenuator is pinned out sepa- 
rately to provide a more accurate control system for RGB 
color monitor applications. All DC controls offer a high input 
impedance and operate over a 0V-4V range for easy inter- 
face to bus controlled alignment systems. During the OSD 
window, the output is blanked to < 0.4V. The LM1212 oper- 
ates from a nominal 12V supply but can be operated with 
supply voltages down to 8V for applications that require re- 
duced 1C package power dissipation characteristics. 

Features 

■ Wideband video amplifier 

(f_ 3dB = 230 MHz at V 0 = 4 V PP ) 

■ t r , tf = 1.5 ns at Vq — 4 V PP 


■ Externally gated comparator for brightness control 

■ 0V to 4V high input impedance DC contrast control 
(> 40 dB range) 

■ 0 V to 4V high input impedance DC drive control 
(±3 dB range) 

■ Ouput blanked to < 0.4V for OSD window 

■ Easy to parallel three LM1212s for optimum color 
tracking in RGB systems 

■ Output stage clamps to 0.65V and provides up to 9V 
output voltage swing 

■ Output stage directly drives most hybrid or discrete 
CRT amplifier stages 

Applications 

■ High resolution CRT monitors with OSD 

■ Video switches 

■ Video AGC amplifier 

■ Wideband amplifier with gain and DC offset control 


Block and Connection Diagram 



See NS Package Number M20B or N20A 
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LM1281 



National Semiconductor 


ADVANCE INFORMATION 


LM1281 

85 MHz RGB Video Amplifier System with On Screen 
Display (OSD) 


General Description 

The LM1281 is a full feature video amplifier with OSD in- 
puts, all within a 28-pin package. This part is intended for 
use in monitors with resolutions up to 1 024 x 768. The video 
section of the LM1281 features three matched video ampli- 
fiers with blanking. All of the video amplifier adjustments 
feature high input impedance 0V to 4V DC controls, provid- 
ing easy interfacing to bus controlled alignment systems. 
The OSD section features three TTL inputs and a DC con- 
trast control. The switching between the OSD and video 
section is controlled by a single TTL input. Although the 
OSD signals are TTL inputs, these signals are internally pro- 
cessed to match the OSD low level to within 1 00 mV of the 
video black level. When adjusting the drive controls for color 
balance of the video signal, the color balance of the OSD 
display will track these color adjustments. The LM1281 also 
features an internal spot killer circuit to protect the CRT 
when the monitor is turned off. For applications without 
OSD insertion please refer to the LM1205 or LM1208 data 
sheets. 


Features 

■ Three wideband video amplifiers 85 MHz @ — 3 dB 
(4 Vpp output) 

■ TTL OSD inputs, 50 MHz bandwidth 

■ On chip blanking, outputs under 0.1 V when blanked 

■ Video/OSD switch speed of 7 ns 

■ Independent drive control for each channel for color 
balance 

■ 0V to 4V, high impedance DC contrast control with over 
40 dB range 

■ 0V to 4V, high impedance DC drive control (0 dB to 
-12 dB range) 

■ 0V to 4V, high impedance DC OSD contrast control 
with over 40 dB range 

■ Capable of 7 Vpp output swing (slight reduction in 
bandwidth) 

■ Output stage directly drives most hybrid or discrete 
CRT drivers 

Applications 

■ High resolution RGB CRT monitors requiring OSD ca- 
pability 











Na tional 


Semiconductor 


LM2416/LM2416C Triple 50 MHz CRT Driver 


General Description 

The LM2416 contains three wide bandwidth, large signal 
amplifiers designed for large voltage swings. The amplifiers 
have a gain of - 1 3. The device is intended for use in color 
CRT monitors and is a low cost solution to designs conform- 
ing to VGA, Super VGA and the IBM® 8514 graphics stan- 
dard. 

The part is housed in the industry standard 1 1 -lead TO-220 
molded power package. The heat sink is floating and may 
be grounded for ease of manufacturing and RFI shielding. 


Features 

■ 50 Vpp output at 45 MHz drives CRT directly 

■ Rise/fall time typically 8 ns with 8 pF load 

■ 65V output swing capability 

Applications 

■ CRT driver for RGB monitors 

■ High voltage amplifiers 


Schematic and Connection Diagram 


(One Section) 









-v+ 

* V 0UT 3 

* BIAS 3 
*V|N3 
•BIAS 2 
•V,N2 

* GND 

‘ V 0UT2 

* V 0UT 1 
•BIAS 1 

•V,km 


PIN 1 DESIGNATOR 


Top View 


TL/K/ 10738-2 


Order Number LM2416T or LM2416CT 
See NS Package Number TA1 IB 
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LM2416/LM2416C 




LM24 1 6/LM24 1 6C 


Absolute Maximum Ratings 

Supply Voltage, V+ +85V If Military/ Aerospace specified devices are required, 

Power Dissipation P D 10W please contact the National Semiconductor Sales 

Storage Temperature Range, Tstg -25°Cto +100»C Office/Distributors for availability and specifications. 
Operating Temperature Range* Jcase -20°Cto+90°C 

Lead Temperature (Soldering, < 1 0 sec.) 300°C 

ESD Tolerance 4kV 


Electrical Characteristics 

V+ = 80V, Cj_ = 8 pF, DC input bias, V|n = 3.6 Vdc- 50 Vpp output swing, Vbias = + 12V. See Figure 1. Ta = 25°C unless 
otherwise noted. 


Symbol 

Parameter 

Conditions 

LM2416 

LM2416C 

Units 

Min 

Typical 

Max 

Min 

Typ 

Max 

lee 

Supply Current 
(per Amplifier) 

No Input or 
Output Load 

18 

22 

26 

16 

22 

B 

mA 

v OUT 

Output Offset Voltage 

V| N = 3.6V 

38 

42 

46 

35 

42 

| | 

Vdc 

tr 

Rise Time 

10% to 90% 
(Note 3) 


8 

13 


12 

16 

ns 

tf 

Fall Time 

10% to 90% 
(Note 3) 


8 

13 


12 

16 

ns 

BW 

Bandwidth 

-3 dB 


42 



35 


MHz 

A V 

Voltage Gain 


-11 

-13 

-15 

-10 

-13 

-16 

V/V 

OS 

Overshoot 

Figure 1 


0 



0 


% 

LE 

Linearity Error 

(Note 1) 


8 



10 


% 

AA v 

Gain Matching, 

(Note 2) 


0.2 



0.5 


dB 


Note 1: Linearity Error is defined as the variation in small signal gain from +20V to +70V output with a 100 mV AC, 1 MHz, input signal. 
Note 2: Calculated value from Voltage Gain test on each channel. 

Note 3: Guaranteed parameter, not tested. 


Test Circuit 


+12V Bias +80V 



* 8 pF is total load capacitance. It includes all parasitic capacitance. 

FIGURE 1. Test Circuit (One Section) 

Figure 1 shows a typical test circuit for evaluation of the 
LM2416. This circuit is designed to allow testing of the 
LM2416 in a 50a environment such as a pulse generator, 
oscilloscope or network analyzer. 


Typical Performance 
Characteristics 


LM2416 Frequency Response 



1 10 100 


FREQUENCY (MHz) 

TL/K/1 0738-4 



0 20 40 60 


TIME (nSec) 


TL/K/1 0738-5 
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LM2416 — Theory of Operation 

The LM2416 is a high voltage triple CRT driver suitable for 
VGA, Super VGA, IBM 8514 and IK by 768 non-interlaced 
display applications. The LM241 6 features 80 volt operation 
and low power dissipation. The part is housed in the industry 
standard 1 1 lead TO-220 molded power package. The heat 
sink is floating and may be grounded for ease of manufac- 
turing and RFI shielding. 

The circuit diagram of the LM2416 is shown in Figure 2. Q1 
and R2 provides a conversion of input voltage to current, 
while Q2 acts as a common base or cascode amplifier stage 
to drive the load resistor R1. Emitter followers Q3 and Q4 
isolate the impedance of R1 from the capacitance of the 
CRT cathode, and make the circuit relatively insensitive to 
load capacitance. The gain of this circuit is -R1/R2 and is 
fixed at -13. The bandwidth of the circuit is set by the 
collector time constant formed by the load resistor R1 and 
associated capacitance of Q2, Q3, Q4, and stray layout ca- 
pacitance. Proprietary transistor design allows for high 
bandwidth with low operating power. 


LM2416 



(One Section) 


Thermal Considerations 

The transfer characteristics of the amplifier are shown in 
Figure 3. Power supply current increases as the input signal 
increases and consequently power dissipation also increas- 


The LM2416 cannot be used without heat sinking. Figure 3 
shows the power dissipated in each channel over the oper- 
ating voltage range of the device. Typical “average” power 
dissipation with the device output voltage at one half the 
supply voltage is 1 .8W per channel for a total dissipation of 
5.4W package dissipation. Under white screen conditions, 
i.e.: 15V output, dissipation increases to 3W per channel or 
9W total. The LM2416 case temperature must be main- 
tained below 90°C. If the maximum expected ambient tem- 
perature is 50°C, then a heat sink is needed with thermal 
resistance equal to or less than: 


R th = 


(90 - 50°C) 
9W 


= 4.4°C/W 


The Thermalloy #6400 is one example of a heatsink that 
meets this requirement. 

WARNING: THE LM2416 IS NOT PROTECTED AGAINST 
OUTPUT SHORT CIRCUITS. The minimum resistance the 
LM2416 can drive is 600fl to ground or V+. 



0 12 3 4 5 6 7 


I 


£5 

I 

Q_ 


INPUT VOLTAGE 


TL/K/1 0738-7 

FIGURE 3. LM2416 DC Characteristics 
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LM24 1 6/LM24 1 6C 
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N a t ion a l 


Semiconductor 


LM2418 Triple 30 MHz CRT Driver 


General Description 

The LM2418 contains three large signal voltage amplifiers 
designed to directly drive CRT cathodes for VGA Color 
Graphics Displays. Output swings greater than 50 Vpp are 
achieved with a 90V power supply. The nominal voltage 
gain of each amplifier is -19 with gain matching of 1.0 dB 
between amplifiers. 

Packaging is the industry standard molded 1 1 lead TO-220. 
The heatsink tab is isolated and may be grounded to im- 
prove RFI shielding and simplify assembly. 


Features 

■ 50 Vpp output at 30 MHz drives CRT directly 

■ Rise/fall time typically 12 ns with 8 pF load 

■ 65V output swing capability 

■ Optimized output stage for low crossover distortion 

■ Gain matching of 1 dB 

■ Voltage gain of - 1 9 

■ Includes oscillation supression resistors 

Applications 

■ CRT driver for RGB monitors 

■ High voltage amplifiers 


Schematic and Connection Diagram 


(One Section) 



:§ 


0 


f 


10 


v+ 

V 0UT3 
BIAS 3 

V|N3 

BIAS 2 

V IN 2 
GND 

V 0UT2 
V 0UT 1 
BIAS 1 

V|N1 


PIN 1 DESIGNATOR 

TL/K/1 1125-2 

Top View 


Order Number LM2418T 
See NS Package Number TA1 IB 
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LM2418 




LM2418 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, V + + 95V 

Storage T emperature Range, T sjg - 25°C to + 1 00°C 

Electrical Characteristics 

V+ = 90V, Cl = 8 pF, DC input bias, V|n = 3.6 Vqc- 50 Vpp output swing, Vbias = + 12V. Ta = 25°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

LM2418 

Units 

Min 

Typ 

Max 

<cc 

Supply Current (per Amplifier) 

No Input or Output Load 


18 

26 

mA 

V OUT 

Output Offset Voltage 

V| N = 3.6V 

46 

53 

60 

V DC 

tr 

Rise Time 

10% to 90% (Note 3) 


12 

20 

ns 

tf 

Fall Time 

10% to 90% (Note 3) 


12 

20 

ns 

BW 

Bandwidth 

—3 dB 


30 


MHz 

A v 

Voltage Gain 


-17 

-19 

-23 

V/V 

OS 

Overshoot 



5 


% 

LE 

Linearity Error 

(Note 1) 


8 


% 

AA V 

Gain Matching 

(Note 2) 


1.0 


dB 


Note 1: Linearity Error is defined as the variation in small signal gain from +20V to +70V output with a 100 mV AC, 1 MHz, input signal. 
Note 2: Calculated value from Voltage Gain test on each channel. 

Note 3: Guaranteed parameter, not tested. 


Operating Temperature Range, Tcase -20°C to + 100°C 
Lead T emperature (Soldering, <10 sec.) 300°C 

ESD Tolerance tbd 


AC Test Circuit 

Figure 2 shows a typical test circuit for evaluation of the LM241 8. This circuit is designed to allow testing of the LM241 8 in a 5011 
environment such as a pulse generator, oscilloscope or network analyzer. 



*8 pF is total load capacitance. It includes all parasitic capacitance. 

FIGURE 2. Test Circuit (One Section) 


TL/K/1 1125-3 


Typical Performance Characteristics 


LM2418 Frequency 
Response 



1 10 100 
FREQUENCY (MHz) 


TL/K/1 1125-4 

FIGURE 3 


LM2418 Pulse 
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TIME (ns) 


TL/K/1 1125-5 
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LM2418 — Theory of Operation 

The LM241 8 is a high voltage triple CRT driver suitable for 
VGA display applications. The LM2418 features 90V opera- 
tion and low power dissipation. The part is housed in the 
industry standard 11 -lead TO-220 molded power package. 
The heat sink is electrically isolated from the circuitry and 
may be grounded for ease of manufacturing and RFI shield- 
ing. 

The circuit diagram of the LM2418 is shown in Figure 1. Q1 
and R2 provide a conversion of input voltage to current, 
while Q2 acts as a common base or cascode amplifier stage 
to drive the load resistor R1. Emitter followers Q3 and Q4 
isolate the impedance of R1 from the capacitance of the 
CRT cathode, and make the circuit relatively insensitive to 
load capacitance. The gain of this circuit is -R1/R2 and is 
fixed at -19. The bandwidth of the circuit is set by the 
collector time constant formed by the load resistor R1 and 
associated capacitance of Q2, Q3, Q4, and stray layout ca- 
pacitance. Diodes D1 and D2 provide forward bias to the 
output stage to reduce crossover distortion at low signal 
levels, while R3 provides a DC bias offset to match the out- 
put level characteristics of the LM1203 RGB Video Amplifier 
System. Proprietary transistor design allows for high band- 
width with low operating power. 

Figure 2 shows a typical test circuit for evaluation of the 
LM2418. This circuit is designed to allow testing of the 
LM2418 in a 50fl environment such as a pulse generator 
and a scope, or a network analyzer. In this test circuit, two 
resistors in series totaling 4.95 kft form a wideband low 


capacitance probe to match the output of the LM2418 to a 
50ft cable and load. Typical AC performance of the circuit is 
shown in Figure 3. The input signal is AC coupled to the 
base of Q1 , while a DC bias of 12V is applied to the base of 
Q2 (See Figure 2). 


Thermal Considerations 

The transfer characteristics of the amplifier are shown in 
Figures 4 and 5. Power supply current increases as the in- 
put signal increases and consequently power dissipation 
also increases. 

The LM2418 cannot be used without heat sinking. Figure 5 
shows the power dissipated in each channel over the oper- 
ating voltage range of the device. Typical “average” power 
dissipation with the device output voltage at one half the 
supply voltage is 1 .8W per channel for a total dissipation of 
5.4W package dissipation. Under white screen conditions, 
i.e., 20 V output, dissipation increases to 3.0W per channel 
or 9W total. The LM2418 case temperature must be main- 
tained below 1 00°C. If the maximum expected ambient tem- 
perature is 60°C, then a maximum heat sink thermal resist- 
ance can be calculated: 


R th = 


(100°C - 60°C) 


= 4.4°C/W 


9W 

PRECAUTION: THE LM2418 IS NOT PROTECTED 
AGAINST OUTPUT SHORT CIRCUITS. The minimum re- 
sistance the LM2418 can drive is 800ft to ground or V+. 



INPUT VOLTAGE (V) 


TL/K/1 1125-7 

FIGURE 4. LM2418 DC Characteristics 


v + (v) 


TL/K/1 1125-9 

FIGURE 5. LM2418 Output Swing 
and Power Characteristics 
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LM2418 




LM2418 


Typical Application 

A typical application of the LM2418 is shown in Figure 6. 
Used in conjunction with an LM1203, a complete video 
channel from monitor input to CRT cathode is shown. Per- 
formance is satisfactory for all applications up to 640 by 480 
lines. Typical rise/fall times of this circuit are 15 ns, with 


better than 50 Vpp drive signals available to a 10 pF load. In 
this application, feedback is local to the LM1203, an alterna- 
tive scheme would feed back from the output of the LM2418 
to the positive clamp inputs of the LM1203. This would pro- 
vide better black level control of the system. 



FIGURE 6. Typical Application LM1203-LM2418 Application 


TL/K/1 1125-10 
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National Semiconductor 


LM2419 

Triple 65 MHz CRT Driver 

General Description 

The LM2419 contains three wide bandwidth, large signal 
amplifiers designed for large voltage swings. The amplifiers 
have a gain of - 1 5. The device is intended for use in color 
CRT monitors and is a low cost solution to designs conform- 
ing to 1024 x 768 display resolution. 

The device is mounted in the industry standard 11 -lead 
TO-220 molded power package. The heat sink is electrically 
isolated and may be grounded for ease of manufacturing 
and EMI/RFI shielding. 


Features 

■ 50 Vpp output swing at 65 MHz 

■ Rise/ Fall time 5 ns with 12 pF load 

■ 60 Vpp output swing capability 

■ Pin and function compatible with LM2416 

■ No low frequency tilt compensation required 

Applications 

■ CRT driver for SVGA, IBM 8514 and 1024 x 768 
/ display resolution RGB monitors 


Schematic and Connection Diagrams 


One Channel 



GND T“ 

5 -±T 



PIN 1 DESIGNATOR 

Order Number LM2419T 
See NS Package Number TA1 IB 
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LM2419 



LM241 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+) +85V 

Storage Temperature (Tstg) - 25°C to + 1 00°C 

Operating Case Temperature, Tease -20°Cto+90°C 

Lead T emperature (soldering < 1 0 sec.) 300°C 

ESD Tolerance 2 kV 

Electrical Characteristics 

Unless otherwise specified, the following specifications apply fo t V+ = 80V, DC input bias, V|n dc = 3.9V; 50 V PP output 
swing; frequency = 1 MHz; Veias = 12V; Cl = 12 pF; Ta = 25°C; see test circuit, Figure 1. 


Symbol 

Parameter 

Conditions 

Min 

(Note 3) 

Typ 

(Note 2) 

Max 
(Note 3) 

Units 

(Limit) 

•cc 

Supply Current (per Amplifier) 

Input/Output Open Circuit 


27 

40 

mA 

•b 

Bias Current (Pins 2 or 7 or 9) 



11 


mA 

v OUT 

Output Offset Voltage 


40 

50 

60 

V 

tr 

Rise Time 

10% to 90% 


5 


ns 

tf 

Fall Time 

90% to 10% 


5 


ns 

Ay 

VoltageGain 


-13 

-15 

-18 

V/V 

OS 

Overshoot 

V|n: t r , tf < 2 ns 


8 


% 

LE 

Linearity Error 

Vqut = 25V to 75V 


8 


% 

AAy match 

Gain Matching 



0.3 


dB 


Note 1: Absolute Maximum Ratings indicate limits beypnd which damage to the device may occur. The guaranteed specifications apply only for the test conditions 
listed. Some performance characteristics may degrade when the device is not operated under the listed test conditions. 

Note 2: Typical specifications are at 25°C and represent the most likely parametric norm. 

Note 3: Min/Max limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 
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*12 pF is the total load capacitance and includes the test fixture capaci- 
tance. 

FIGURE 1. Test Circuit (One Section) 


Typical Performance 
Characteristics 

Ta = 25°C, Test Circuit — Figure 1 
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Typical Performance 
Characteristics (Continued) 

Ta = 25°C, Test Circuit — Figure 1 



HORIZ: lOns/DIV 

TL/H/1 1442-5 

Test Circuit 

Figure 1 shows a typical test circuit for evaluation of the 
LM2419. The input signal is AC coupled into the input of 
LM2419 and is referenced to 3.9V DC using an external 
3.9V DC bias through a 390ft resistor. The test circuit is 
designed to allow testing of the LM2419 in a 50 ft environ- 
ment such as a 50ft oscilloscope or network analyzer. The 
4950ft resistor in series with the output of the LM2419 
forms a 100:1 voltage divider when connected to a 50ft 
oscilloscope or network analyzer. 

Theory of Operation 

The LM2419 is a high voltage triple CRT driver suitable for 
SVGA, IBM 8514 and 1024 x 768 display resolution moni- 
tors. The device is packaged in the industry standard 
1 1 lead TO-220 molded power package. The heat sink is 
electrically isolated and may be grounded for ease of manu- 
facturing and RFI/EMI shielding. 

The schematic diagram of LM2419 is shown in Figure 2. Q1 
and R2 provide a conversion of the input voltage to current 
while Q2 acts as a common base amplifier to drive the load 
resistor, R1. Resistor R4 along with R2 sets up the DC bias 
at the base of Q1. Emitter followers Q3 and Q4 isolate R1 
from the capacitive load at the output, thus making the rise 
and fall times relatively insensitive to the load capacitance. 
The gain of the amplifier is -R1/(R2 || R4) and is fixed at 
approximately -15. The bandwidth of LM2419 is primarily 
limited by the time constant due to R1 and the capacitances 
associated with D1, Q2, Q3 and Q4. Diode D1 is used to 
provide some bias voltage for Q3 and Q4 so as to reduce 


small signal cross over distortion. Resistor R3 is used to 
prevent Q2 from oscillating at high frequencies. 



One Section of LM24 1 9 

Application Hints 

POWER SUPPLY BYPASS 

Since the LM2419 is a wide-bandwidth amplifier with greater 
than 10,000 V/jus slew rate, proper power supply bypassing 
is critical for optimum performance. Improper power supply 
bypassing can result in large overshoot, ringing and oscilla- 
tion. A 0.01 ju,F ceramic capacitor should be connected as 
close to the supply pin as is practical (preferably less than 
%" from the supply pin). The lead length of the 0.01 /xF 
ceramic capacitor should be as small as is practical. In addi- 
tion, 10 juiF-100 jliF electrolytic capacitor should be con- 
nected from the supply pin to ground. The electrolytic ca- 
pacitor should be placed reasonably close to the LM2419’s 
supply pin. 

ARC PROTECTION 

The LM241 9 must be protected from arcing within the CRT. 
To limit the arcover voltage, a 200V spark gap is recom- 
mended at the cathode. Clamp diodes D1 and D2 (as 
shown in Figure 3) are used to clamp the voltage at the 
output of LM2419 to a safe level. The clamp diodes used 
should have high current rating, low series impedance and 
low shunt capacitance. Resistor R2 in Figure 3 limits the 
arcover current while R1 limits the current into LM2419 and 
reduces the power dissipation of the output transistors 
when the output is stressed beyond the supply voltage. 
Having large value resistors for R1 and R2 would be desir- 
able but this has the effect of reducing rise and fall times. 
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Application Hints (Continued) 

v+ 

+ 80V 



FIGURE 3. Typical Application Circuit (One Channel) 


TL/H/1 1442-8 


IMPROVING RISE AND FALL TIMES 

Because of an emitter follower output stage, the rise and fall 
times of the LM2419 are relatively unaffected by capacitive 
loading. However, the series resistors R1 and R2 (see Fig- 
ure 3) will reduce the rise and fall times when driving the 
CRT’s cathode which appears as a capacitive load. The ca- 
pacitance at the cathode typically ranges from 8 pF to 
12 pF. 

To improve the rise and fall times at the cathode, a small 
inductor is often used in series with the output of the amplifi- 
er. The inductor LI in Figure 3 peaks the amplifier’s fre- 
quency response at the cathode, thus improving rise and fall 
times. The inductor value is empirically determined and is 
dependent on the load. An inductor value of 0.1 ju,H is a 
good starting value. Note that peaking the amplifier’s fre- 
quency response will increase the overshoot. 

REDUCING OVERSHOOT 

LM2419’s overshoot is a function of both the input signal 
rise and fall times and the capacitive loading. The overshoot 
is increased by either more capacitive loading or faster rise 
and fall times of the input signal. 

Table I shows the overshoot for a typical device with differ- 
ent capacitive loads and different input signal rise and fall 
times. As can be observed from Table I, overshoot is large 
for large capacitive loads and faster input signal rise and fall 
times. In an actual application, the LM2419 is driven from a 
preamplifier with rise and fall times of 3 ns to 7 ns. When 
driven from LM1203 preamplifier (see application circuit, 
Figure 6) the overshoot is 10% with 12 pF capacitive load. 
The overshoot can be reduced by including a resistor in 
series with LM2419’s output as in Figure 3. Larger value 
resistors for R1 and R2 would reduce overshoot but this 
also increases the rise and fall times at the output. Frequen- 
cy peaking using an inductor in series with the output may 
restore the bandwidth. 


Table I. LM2419 Output Overshoot 
vs Capacitive Loading for a Typical Device 


Input Signal 

C L 

t r /tf 

5 pF 

8 pF 

11 pF 

15 pF 

1.2 ns 

4% 

6% 

7% 

8% 

7 ns 

4% 

5% 

6% 

7% 


GAIN VS OUTPUT DC LEVEL 

Figure 4 shows LM2419’s gain versus output DC level. A 
100 mVpp AC signal is applied at the LM2419’s input and 
the input signal’s DC level is swept. As can be seen from 
Figure 4, the amplifier’s gain is constant at approximately 
15.4 (Vqut = 1-54 Vpp) for output DC level between 35 V 
and 65V. Thus the amplifier’s output response is linear for 
output voltage between 35V and 65 V. If the output voltage 
is less than 35V or more than 70V, the amplifier’s output 
response becomes non-linear (note the change in gain, Fig- 
ure 4 ). For optimum performance, it is recommended that 
LM2419’s output low voltage be at 25V or above. For a 
50 Vpp swing, the output high voltage is 75 V. With an output 
signal swing from 25V to 75 V, LM2419’s linearity error is 
measured at 8%. 



20 25 30 35 40 45 50 55 60 65 70 75 


^OUT 

TL/H/1 1442-9 

FIGURE 4. Gain vs Vqut (DC), V, N = 100 mV PP 
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Application Hints (Continued) 

THERMAL CONSIDERATIONS 


LM2419’s transfer characteristic and power dissipation ver- 
sus DC input voltage is shown in Figure 5. Power supply 
current increases as the input voltage increases, conse- 
quently power dissipation increases. For the LM2419, the 
worst case power dissipation occurs when a white screen is 
displayed on the CRT. Considering a 20% black retrace 
time in a 1 024 x 768 display resolution application, the aver- 
age power dissipation for continuous white screen is less 
than 4W per channel with 50 Vpp output signal (black level 
at 75V and white level at 25V). Although the total power 
dissipation is less than 1 2W for a continuous white screen, 
the heat sink should be selected for 1 3W power dissipation 
because of the variation in power dissipation from part to 
part. 

For thermal and gain linearity considerations, the output low 
voltage (white level) should be maintained above 20V. If the 
device is operated at an output low voltage below 20 V, the 
power dissipation might exceed 4.7W per channel (i.e., 14W 
power dissipation for the device). Note that the device can 
be operated at lower power by reducing the peak to peak 
video output voltage to less than 50V and clamping the vid- 
eo black level close to the supply voltage. 



5W 

4W 

3W 

2W 

1W 


1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 


V,N (V) 

TL/H/1 1442-10 

FIGURE 5. Vqut and Power Dissipation vs Vin 


The LM2419 requires that the package be properly heat 
sunk under all operating conditions. Maximum ratings re- 
quire that the device case temperature be limited to 90°C 
maximum. Thus for 50°C maximum ambient temperature 
and 13W maximum power dissipation, the thermal resist- 
ance of the heat sink should be: 

0 sa <£ (90-50)°C/13W = 3°C/W 
SHORT CIRCUIT PROTECTION 

The output of LM2419 is not short circuit protected. Short- 
ing the output to either ground or to V+ will destroy the 
device. The minimum DC load resistance the LM241 9 can 
drive without damage is 1 .6 kn to ground or V + . However, 
driving a 1 .6 kfi load for an extended period of time is not 
recommended because of power dissipation considera- 
tions. If the LM2419 is used to drive a resistive load then the 
load should be 1 0 kn or greater. 

RGB Video Application 

A complete video section for an RGB CRT monitor is shown 
in Figure 6. The LM1203 video preamplifier and the LM2419 
include almost all the circuitry required between the video 
input connection and the CRT’s cathodes. However, an ex- 
ternally generated back porch clamp signal is required to 
accomplish DC restoration of the video signal. 

Figure 6’s circuit is excellent choice for a non-interlaced 
1 024 x 768 display resolution application. With 50 Vpp out- 
put swing and 1 2 pF load, the rise/fall time for Figure 6 ’s 
circuit was measured at 7.5 ns. In this application, feedback 
is local to the LM1203. For detailed information on the 
LM1203, please refer to the LM1203 data sheet. 

PC BOARD LAYOUT CONSIDERATIONS 

For optimum performance, adequate ground plane, isolation 
between channels, good supply bypassing and minimizing 
unwanted feedback are necessary. Moreover, the length of 
the signal trace from the preamplifier to the LM2419 and 
from the LM2419 to the cathode should be as short as is 
practical. The following book is highly recommended: 

Ott, Henry W, Noise Reduction Techniques in Electronic 
Systems , John Wiley & Sons, New York, 1 976. 
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Application Hints (Continued) 



FIGURE 6. Typical VGA/SVGA Application 


TL/H/ 11442-11 
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Diodes FDH400 
Unmarked capacitors 0.1 juF 

FIGURE 7. Typical SVGA/XGA Application 
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l Semiconductor 


LM2427 

Triple 80 MHz CRT Driver 

General Description 

The LM2427 is a high performance triple CRT driver for 
simplifying color monitor designs. The device contains three 
large signal transimpedance amplifiers, and provides direct 
cathode drive capability. A plastic power package and pin- 
to-pin compatibility make the LM2427 ideal for new designs 
or as a low cost replacement for designs using the LH2426 
or CR5527. 


Features 

■ Low-cost plastic power package 

■ Typical rise/fall times of 3.5 ns 

■ 80 MHz video bandwidth at 50 Vpp with 8 pF load 

■ Operation from 80V power supply 

Applications 

■ CRT driver for color monitors 

■ Drives CRT cathode directly 

■ Pin-to-pin compatible with the LH2426 and CR5527 
CRT drivers 


Schematic and Connection Diagrams 


(One Section) 
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Order Number LM2427T 
See NS Package Number MKT-TA12A 


2-160 




Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, V + + 85V 

Safe Operating Power Consumption 1 4W 


Storage Temperature Range, Tstg 
Operating Temperature Range, Tqase 
Lead Temperature (Soldering, 10 sec.) 
ESD Tolerance 


— 25°C to +100°C 
— 20°C to +90°C 
300°C 
TBD 


Electrical Characteristics v+ = sov, r g = 430a, ci = 47 pF, c L = 8 pf, 50 v PP output swing with 4ov dc 

offset. See Figure 1. Tqase = 25°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

LM2427 

Units 

Min 

Typical 

Max 

Icc 

Supply Current (per Amplifier) 

No Input or Output Load 


24 

30 

mA 

V|NDC 

Input Offset Voltage 


1.4 

1.6 

1.8 

V 

VOUTDC 

Output Offset Voltage 


34 

40 

46 

V 

*R 

Rise Time 

10% to 90% (Note 1) 


3.5 


ns 

tF 

Fall Time 

90% to 10% (Note 1) 


3.5 


ns 

A V 

Voltage Gain 


-11 

-13 

-14 

V/V 

LE 

Linearity Error 

Vqut from + 1 0V to + 70V (Note 2) 


5 


% 

AA V 

Gain Matching 

(Note 3) 


0.2 


dB 


Note 1: Input signal: t r , tf < 1.5 ns, fj n = 1 MHz. 

Note 2: Linearity error is defined as: The variation in small signal gain from + 20V to + 70V output with a 100 mVAC, 1 MHz, input signal. 
Note 3: Calculated value from voltage gain test on each channel. 


Typical Performance Characteristics 

Typical Test Circuit (One Section) 



v 0UT 

\ to 500. Scope 


TL/H/1 1967-3 


Note: Cl, total load capacitance, includes all parasitic capacitances. 

FIGURE 1. Test Circuit (One Section) 

This test circuit is used for both characteristic plots. 


Typical Rise Time vs Capacitive Loading 
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Typical Fall Time vs Capacitive Loading 
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Test Circuit 

Figure 1 shows a typical test circuit for evaluation of the 
LM2427. This circuit is designed to allow testing of the 
LM2427 in a 50H environment, such as a pulse generator, 
oscilloscope or network analyzer. The 4950fl resistor in se- 
ries with the output of the LM2427 forms a 100:1 voltage 
divider when connected to a 50H-input oscilloscope or net- 
work analyzer. To calibrate pulse generator, set to 2.4 Vpp 
into 50fl. 

THEORY OF OPERATION 

The LM2427 is a triple channel transimpedance amplifier for 
CRT’s, suitable for SVGA, XGA, IBM and Macintosh display 
resolution monitors. The LM2427 is pin-to-pin compatible 
with the LH2426 and CR5527 CRT drivers. The device is 
packaged in the industry standard 12-iead SIP TO-220 
molded plastic power package. The heat sink is electrically 
isolated and may be grounded for ease of manufacturing 
and RFI/EMI shielding. 

Applying an input current to the LM2427 will result in an 
output voltage. An input current of about ±4.5 mA will pro- 
vide a full output swing of ± 25V. A resistor in series with the 
input converts the device into a voltage amplifier; with a 
resistor value of 430H the voltage gain becomes - 1 3. 

The LM2427 is a two stage amplifier configured in a push- 
pull configuration (see schematic on front page). Q2 is bi- 
ased by resistors R4 and R5, Q1 gets its bias through a 
5700fl feedback resistor and the input biasing current. The 
bases of Q1 and Q2 are capacitively coupled and, therefore, 
Q2 will be actively driven. 

The emitter resistors of Q1 and Q2 are bypassed with small 
capacitors. This increases the gain of the stage for high 
frequencies and increases the bandwidth of the amplifier. 
Emitter followers Q3 and Q4 isolate the input stage from the 
output capacitance load, and minimizes the circuit sensitivity 
to load capacitance. 

The power supply pin is internally bypassed. If low frequen- 
cies are present in the power supply line, an electrolytic 
capacitor is recommended. 

Application Hints 

The LM2427 is designed as a triple power amplifier for deliv- 
ering red, green, and blue video signals to a cathode ray 
tube (CRT). It can provide a 50V output swing and energize 
a 1 2 ns pixel at a CRT cathode with 8 pF of capacitance. 
As with any CRT driver, when designing a video amplifier 
board with the LM2427, careful attention should be paid at 
reducing stray capacitance along the entire video signal 
path. This is especially important in the path between the 
output of the CRT driver and the cathodes, because any 
additional capacitance load will increase rise and fall times 
and will result in reduced picture quality. 

INPUT NETWORKS 

The voltage gain and the response of the amplifiers can be 
set by adding an R-C network to the input. 

A 4300 resistor in series with the input will set the voltage 
gain to —13, but this will increase the rise and fall times of 
the system (see Figure 2a). 


Bypassing the resistor with a capacitor of about pF will 
restore the rise and fall times but will result in some over- 
shoot. (Figure 2b) 

Adding a resistor in series with the 47 pF capacitor will re- 
duce the overshoot but also increases the rise and fall 
times. (Figure 2c) 

The addition of a second capacitor offers a compromise 
between the above networks by improving the rise and fall 
times at the expense of some overshoot. (Figure 2d) 
Suggested values for the resistors and capacitors are 
shown, however, optimum values may differ depending 
upon the stray inductances and capacitances present in dif- 
ferent board layouts. 
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FIGURE 2. Influence of Input Networks 
on Switching Performance 
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Application Hints (Continued) 

TILT AND OVERSHOOT COMPENSATION 

When a low frequency square is displayed on a monitor 
screen, some tilt may appear on the video signal due to the 
large power and thermal dissipation changes in the input 
transistors. This problem is illustrated in Figure 3. 


90 signal 
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- h 


AV 
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Smear 



/ 


caused by tilt 
(Brighter than 
background) 


Screen 
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FIGURE 3. Tilt on a Low Frequency 
Signal and Its Effects 

The tilt can be compensated by adding an external RC feed- 
back network as shown in Figure 4. The RC feedback helps 
by reducing the gain of the amplifier during the edge tran- 
sition for a duration corresponding to r. The values of R and 
C should be selected so that the gain is reduced (AV = 0) 
for the duration of the tilt (r). 



FIGURE 4. RC Feedback Network for Tilt Compensation 


To find the value of resistor R, the following formula can be 
used: 


R = 


(100 - x%) 
x% 


Rf 


where x% is the percentage value of AV to the peak-to- 
peak output swing (Vpp). Rp is internally fixed to 5700H. 
The value of capacitor C is determined by: 

C = r/R 


where r is the duration of the tilt. 

For optimum results in a specific application, the values for 
R and C may need to be tested and adjusted in the given 
application board. 


PROTECTING AMPLIFIER OUTPUT 
FROM TUBE ARCING 

During normal CRT operation, internal arcing may occasion- 
ally occur. Spark gap protectors will limit the maximum volt- 
age, but to a value that is much higher than allowable on the 
LM2427. This fast, high voltage, high energy pulse can dam- 
age the LM2427 output stage. The addition of two current 
limiting resistors of 50fl to 10011 total, and clamping diodes 
D1 and D2, will provide protection but will slow down the 
response. The diodes should have a fast transient re- 
sponse, high peak current rating, low series impedance and 
low shunt capacitance. FDH400 or equivalent diodes are 
recommended. Adding a series peaking inductor of 1 00 nH 
to 150 nH will restore the bandwidth and provide additional 
protection. (See Figure 5) 

The value of the inductor can be calculated from: 

■ _ (Rq + R-t + R 2 ) 2 r 

P 2.4 L 

where C[_ is the total load and Ro is the intrinsic high fre- 
quency output resistance of the amplifier, generally 160ft. 


+ 80V 
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FIGURE 5. One Section of the LM2427 
with Tilt Compensation, Arc Protection 
and Peaking Inductance Lp in the Output 


SHORT CIRCUIT PROTECTION 

WARNING! 

To provide maximum output speed, the LM2427 does not 
have short circuit protection. Shorting the output can de- 
stroy the device. 

SUPPLY BYPASSING 

Although the LM2427 has internal supply bypassing, some 
values of supply line inductance can cause ringing in the 
supply lines. If this occurs, an additional bypass capacitor or 
a low-pass filter should be placed as close as possible to 
the supply (V+) pins of the LM2427. 

CAPACITIVE LOADS 

The LM2427 is designed to drive capacitive loads, however, 
the very high output slew rate of about 13,700 V//xs can 
result in charging currents of over 200 mA into a 20 pF load. 
These very high currents can damage the output transistors. 

HEAT SINKING 

Power consumption by the LM2427 will depend on the sup- 
ply voltage used, the output loading, the peak-to-peak out- 
put swing and the operating frequency. Since the LM2427 
will dissipate up to 1 4W, an external heatsink is always re- 
quired. The maximum allowed case temperature is 90°C. To 
calculate maximum heatsink thermal resistance, use the fol- 
lowing formula: 

_ (90° C - Max Ambient) 
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PC BOARD LAYOUT CONSIDERATIONS 

Input pins 2, 6 and 10 are amplifier summing junctions. All 
connections to these points should be as short as possible 
and should be separated from other signals. The compo- 
nents connected to these pins should be located close to 
the LM2427, and the total conductor length connected to 
these points should be no more than one inch. 

For optimum performance, an adequate ground plane, isola- 
tion between channels, good supply bypassing and minimiz- 
ing unwanted feedback are necessary. Also, the length of 
the signal traces from the preamplifier to the LM2427 and 
from the LM2427 to the CRT cathode should be as short as 
possible. The following references are recommended: 

Ott, Henry W., “Noise Reduction Techniques in Electronic 
Systems”, John Wiley & Sons, New York, 1976. 

“Guide to CRT Video Design”, National Semiconductor Ap- 
plication Note 861 . 
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National Semiconductor 

PRELIMINARY 

LM1291 




Video PLL System for Continuous Sync Monitors 

General Description 

The LM1291 is an integrated horizontal time base solution 
specifically designed to operate in continuous sync video 
monitors. It accepts all presently defined computer sync sig- 
nals and generates the drive signal for a horizontal (line) 
output stage. The system automatically selects the active 
input based on the following (highest to lowest) priority: (1) 
separate H and V sync, (2) HV (composite) sync, and (3) 
composite video. Polarity-corrected H/HV and V sync out- 
puts are provided, along with logic flags which show the 
respective input polarities. 

Features 

■ VCO precision trimmed on chip — no trimming or loop 
tuning required 

■ No costly high-precision components needed 

■ Low phase jitter (1.3 ns at 100 kHz) 

■ DC controlled H phase and duty cycle 

■ Frequency agile — 30 kHz to 125 kHz with no external 
adjustment 

■ Video mute signal indicates changes in H input 
frequency 

■ Input signal prioritization 

■ Clamp pulse position and width control 

■ Clamp pulse continues in absence of H sync 

■ Resistor-programmable minimum and maximum VCO 
frequency 

■ X-ray shutdown input 

■ Under-voltage lockout for Vcc < 9.5V 

■ Horizontal output transistor forced off during flyback 
pulse 

Applications 

■ Horizontal and vertical sync processor for continuous 
sync monitors 

■ Wide frequency range phase-locked loop 

The 1C contains an FVC (frequency-to-voltage convertor) 
which sets the free-running frequency of the VCO (voltage- 
controlled oscillator). This technique allows operation over 
the entire frequency range, 30 kHz- 125 kHz, using just one 
optimized set of external components. 

A second phase detector is included which compensates 
for storage time variation in the horizontal output transistor; 
the picture’s horizontal position is thus independent of tem- 
perature and component variance. 

The LM1291 provides DC control pins for H Drive duty cycle 
and H Drive phase. 

Connection Diagram 




CLAMP CNTL — 

i 

28 

— VCO IN/PD 1 OUT 

CLAMP PULSE — 

2 

27 

— FVC OUT 

VIDEO MUTE — 

3 

26 

— FVC CAP1 

F MAX — 

4 

25 

—FVC CAP2 

F MIN — 

5 

24 

— V CAP 

Vref cap- 

6 

23 

— H DRIVE PHASE 

v cc“ 

7 

22 

— PHASE DET 2 CAP 

V SYNC IN — 

8 

21 

— GND 

COMP VIDEO IN — 

9 

20 

— H DRIVE OUT 

H/HV CAP — 

10 

19 

— V POL OUT 

H/HV SYNC OUT — 

1 1 

18 

— FLYBACK IN 

H/HV SYNC IN — 

12 

17 

— V SYNC OUT 

H/HV POL OUT — 

13 

16 

— X-RAY SHUTDOWN 

H DR DUTY CNTL — 

14 

15 

— H DRIVE EN 


FIGURE 1 

TL/H/1 2323-1 

Order Number LM1291N 

See NS Package Number N28B 
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Absolute Maximum Ratings (Notes 1 & 3) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 

Input Voltage, V D c 

14V 

Pins 15, 23 

5V 

Pins 4, 5 

8V 

Pins 8, 28 

10V 

Pins 1,9, 12, 14, 16, 18 

Vcc 

Power Dissipation (Pd) 

(Above 25°C Derate Based on 0ja and Tjj 

2.5W 

Thermal Resistance (0ja) 

50°C/W 


Junction Temperature (Tj) 150°C 

ESD Susceptibility (Note 5) 2 kV 

Storage T emperature - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 sec.) 265°C 

Operating Ratings (Note 2> 

Operating T emperature Range - 20°C to + 80°C 

Supply Voltage (Vcc) 10.8V ^ Vcc £ 13.2V 


Electrical Characteristics see Test circuit (Figure 2> ; t a = 25°c;v C c = 12V 


Parameter 

Conditions 

Typical 
(Note 6) 

Limit 
(Note 7) 

Units 

Supply Current 


30 

40 

mA (max) 

Jitter 

H Sync frequency = 1 00 kHz 
(Note 8) 

1.3 


ns p-p 

Minimum composite video 
input voltage 

Pin 9, cap coupled (0.01 juF), 
sync tip to black level 


0.14 

Vpp (min) 

DC clamp level, composite 
video input 


2.0 


Vdc 

Clamp charging current, 
composite video input 


1 


mA 

H/HV sync input amplitude 

Cap coupled, 10% duty cycle 


1.0 

Vpp (min) 

V sync input amplitude 

Cap coupled, 1 % duty cycle 


1.0 

Vpp (min) 

High level output voltage Voh> 

(Pins 2,11,13,17,19) 

Ioh = -100 juA 

4.3 

4.0 

V D c (min) 

Low level output voltage Vql. 

(Pins 2,11,13,17,19) 

Iql = 1 -6 mA 

0.25 

0.4 

V D c (max) 

Video Mute low level output 
voltage 

Iql = 2 mA 


0.4 

V D c (max) 

Mute detection voltage 
threshold 

A V, |FVCCap1 - FVC Cap 2| 
for Mute Output low 

100 


mV 

Flyback input threshold 

Positive-going flyback pulse 

1.4 


V 

Under-voltage lockout 

Vcc below threshold: 

H Drive Output open (unlatched) 

9.5 


V 

Frequency to voltage gain 

30 kHZ ^ f H ^ 125 kHz 

0.047 


V/kHz 

VCO gain constant 

fvco = 100 kHz 

1.34 X 105 


Rad/s/V 

PD1 Phase Detector gain constant 

fvco = 100 kHz 

130 




fvco “ 60 kHz 

78.1 


juA/Radian 


fvco = 30 kHz 

39.0 



Frequency to voltage linearity 

30 kHz ^ f H ^ 125 kHz 

1.0 


% 

VCO linearity 

30 kHz ^ fvco ^ 125 kHz 

1.0 


% 
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Electrical Characteristics See Test Circuit (Figure 2 );T A = 25°C; Vcc = 12V (Continued) 


Parameter 

Conditions 

Typical 
(Note 6) 

Limit 
(Note 7) 

Units 

H Drive duty cycle control 
gain 

DC input 0V-4V; 30%-70% 
allowed 

0.1 


t h /v 

H Drive Phase control gain 

(Note 9) 

47 


°/v 

PD1 Phase detector leakage current 
+ VCO input bias current 



1 

jliA (max) 

H Drive low level output voltage 

Iql = 1 00 mA 


0.8 

V (max) 

H Drive EN low level input voltage 

H Drive output active 


0.8 

V (max) 

H Drive EN high level input voltage 

H Drive output open (unlatched) 


2.0 

V (min) 

X-ray Shutdown threshold voltage 

Above threshold 

H Drive Output Open (Latched) 

1.72 

1.65 

1.8 

V (min) 
V(max) 

H/HV Sync out 
propagation delay change 

H/HV in vs. Comp Video in 

32 


ns 

Clamp Pulse width 

(back porch) Rset = 1 5k; Vset = 0V 

0.4 


/AS 

(back porch) Rset = 1 5k; Vqet = 1 -5V 

1.4 


/AS 

(sync tip) R S et = 15k; V S et = 4V 

0.6 


/AS 

Clamp Pulse Delay 

(back porch) Trailing edge H/HV Sync In 
to leading edge clamp pulse 

0.1 


/AS 

(sync tip) Leading edge H/HV Sync In 
to leading edge clamp pulse 

0.025 T h 


S 

Internal Ref voltage at pin 6 

No load 

8.2 


V 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to GND, unless otherwise specified. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj max , 0 ja and the ambient temperature, T^. The maximum 
allowable power dissipation at any elevated temperature is Pd = (Tj ma x - 1 a)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For 
this device, Tj max = 150°C. The typical thermal resistance (0ja) of these parts when board mounted follow: LM1291N 50°C/W. 

Note 5: Human Body model, 1 00 pF capacitor discharged through a 1 .5 kfl resistor. 

Note 6: Typicals are at Ta = Tj = 25°C and represent most likely parametric norm. 

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Measured with hp 5331 0A Modulation Domain Analyzer, 50 ms sample window. 

Note 9: Phase limits: + ^0.35 - -0.15, expressed as a fraction of the horizontal period Th, where tQFB ' s the horizontal output transistor turn-off delay 

from the rising edge of H Drive to the FBP peak. A positive phase value represents a phase lead of the FBP peak with reference to the leading edge of H sync. 
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FIGURE 2 



Block Diagram 


H/HV Cap H/HV Pol Out H/HV Sync Out V Sync In V Cap V Pol Out 


Comp 
Video In 


Sync In 


FVC 
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Video 

Mute 

FVC 
Cap 1 

FVC 

Out 


VCO 

In/PI 

Out 



F Min F Max V REF Cap GND V C( 


H Drive 
Phase 


FIGURE 3 


Flyback Phase Det 
In 2 Cap 


TL/H/1 2323-3 


Pin Descriptions 

See Figures 4 through 19 for input and output schematics. 
CLAMP CNTL (Pin 1): Clamp Control. See CLAMP PULSE 
(Pin 2) description. A control voltage of OV to 4V applied to 
this pin through a 1 5k resistor sets the position and width of 
the negative-going clamp pulse. A voltage below 2 V posi- 
tions the pulse on the back porch of the horizontal sync 
pulse and decreasing voltage narrows the pulse. A voltage 
above 2V sets the pulse within the H sync pulse (slightly 
delayed from the leading edge) and increasing voltage nar- 
rows the pulse. At the boundary of the switchover between 
the two modes, there is a narrow region of uncertainty re- 
sulting in oscillation, which should be no problem in most 
applications. If there is no H Sync and this pin is high, a 
clamp pulse will be generated from the VCO. This feature is 
useful with On Screen Displays which must display a mes- 
sage in the absence of sync inputs. 

Note: The VCO frequency goes to F MIN in the absence of H sync. 
CLAMP PULSE (Pin 2): This output provides a negative-go- 
ing pulse for DC restoration or clamping in video systems. 
The pulse can be positioned coincident with the H sync 
pulse or on the back porch. The pulse width can be adjusted 
with the clamp control voltage. 

VIDEO MUTE (Pin 3): This “open collector” output goes 
low if there is a sudden change in H sync frequency. It can 
be used to blank video or for other chores. The rate and 
amount of frequency change causing Video Mute is set by 
the values of the capacitors at FVC 1 (Pin 26) and FVC 2 
(Pin 25). Video Mute is high in the absence of H sync. See 
Figure 5 for the output schematic. 


F MAX (Pin 4): Maximum VCO Frequency. A resistor to 
ground sets the upper limit of the VCO in case of too high H 
sync frequency. F MAX is approximately 1.8 X 10 9 /(RMAX 
+ 500fl). 

F MIN (Pin 5): Minimum VCO Frequency. A resistor to 
ground sets the lower limit of the VCO. This is the frequency 
that the VCO goes to in the absence of H sync. F MIN is 
approximately 7.5 kHz + 5.6 X 10 8 /(Rmin + 500H). 

Vref CAP (Pin 6): This is the output of the internal band- 
gap based 8.2V reference, which needs bypassing for low 
noise. The bypass cap should be connected via a short path 
to pin 21 (ground). The path should not be connected to any 
part of the circuit that has noise currents. The capacitor 
should be a minimum of 470 julF aluminum or tantalum elec- 
trolytic capacitor. 

v cc ( pin 7): V CC (12V nominal) should be bypassed to 
ground (Pin 21) via a short path with a minimum of 47 jutF 
aluminum or tantalum electrolytic capacitor. 

V SYNC IN (Pin 8): Vertical Sync Input. V sync can be a 
positive or negative going 1 .0 Vpp minimum signal, capaci- 
tively coupled with a 1 juF or larger capacitor. The input 
resistance is approximately 50k and is biased at 5.2V. 

V SYNC IN has priority over composite sync and composite 
video. See Figure 6 for the input schematic. 

COMP VIDEO IN (Pin 9): Composite Video Input. This is the 
sync input used for composite video; i.e., sync on green, 
and is the default input when no signals are present at 

V SYNC IN and H/HV IN. The signal must have negative 
going sync tips which are at least 0.14V below black level. 
See Figure 7 for the input schematic. 
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Pin Descriptions (Continued) 

H/HV CAP (Pin 10): Horizontal Capacitor. The H/HV Cap is 
the integration cap for the circuit that detects the polarity 
and existence of the horizontal sync pulses. A 1 juF alumi- 
num or tantalum electrolytic capacitor is recommended. 
H/HV SYNC OUT (Pin 11): H/HV Sync Out is the compos- 
ite sync output. The sync pulses are negative-going with 
width equal to the sync input. H/HV Sync Out is a low level 
in the absence of H/HV sync input. This output can drive a 
standard TTL input and is CMOS compatible. See Figure 4 
for the output schematic. 

H/HV SYNC IN (Pin 12): Horizontal or Composite Sync In- 
put. H/HV sync can be a positive or negative-going 1.0 Vpp 
minimum sync signal, capacitively coupled with a 0.1 jutF or 
larger capacitor. The input resistance is approximately 18k 
into a circuit with clamp levels of approximately 1 .9V and 
2.6V. See Figure 8 for the input schematic. If this input is not 
used, the sync input end of its coupling cap should be con- 
nected to ground directly or via a resistor of 470H or less. 
H/HV POL OUT (Pin 13): H/HV Polarity Out is a DC signal 
showing the polarity of the H/HV Sync input. A low level 
indicates positive-going sync, a high level negative-going. 
The output is low in the absence of H sync. This output can 
drive a standard TTL input and is CMOS compatible. See 
Figure 9 for the output schematic. 

H DRIVE DUTY CNTL (Pin 14): Horizontal Duty Cycle Con- 
trol. A 0V to 4 V control voltage applied to this pin sets the 
duty cycle of the horizontal drive output (pin 20), with a 
range of approximately 30% to 70%. 2V sets the duty cycle 
to 50%. See Figure 10 for the input schematic. 

H DRIVE EN (Pin 15): Horizontal Drive Enable. This pin 
turns the Horizontal Drive Output on and off with a TTL level 
signal, with low oh and high off. See Figure 11 for the input 
schematic. 

X-RAY SHUTDOWN (Pin 16): This pin turns off the Hori- 
zontal Drive Output if its voltage equals or exceeds an inter- 
nal reference of approximately 1 .7 V. The output is latched 
high, and Vcc has to be reduced to below approximately 2V 
to clear the latched condition; i.e., power must be turned Off. 
This feature provides “X-Ray protection” by checking CRT 
anode voltage level through a resistive divider from a power 
supply voltage that is proportional to the CRT voltage. See 
Figure 12 for the input schematic. 

V SYNC OUT (Pin 17): Vertical Sync Out is a negative going 
pulse occurring approximately 0.3 horizontal lines after the 
beginning of the vertical interval. V Sync Out is a low level in 
the absence of vertical sync. V Sync Out width is the same 
as V Sync In, and is 3 to 5 lines longer for H/HV Sync In and 
Comp Video In. This output can drive a standard TTL input 
and is compatible with CMOS. See Figure 4 for the output 
schematic. 

FLYBACK IN (Pin 18): This is a positive-going pulse from 
the horizontal deflection circuit that is compared to the VCO 
phase in phase detector 2, whose output is used to control 
the phase of Horizontal Drive Out. This compensates for 
time delay changes in the horizontal deflection circuitry with 
temperature, etc. to keep the display position constant. See 
Figure 13 for the input schematic. 


V POL OUT (Pin 19): Vertical Polarity Out is a DC signal 
showing the polarity of the vertical sync input. A low level 
indicates positive-going sync and a high level negative-go- 
ing. The output is low in the absence of vertical sync. This 
output can drive a standard TTL output and is compatible 
with CMOS. See Figure 9 for the output schematic. 

H DRIVE OUT (Pin 20): Horizontal Drive Out is a negative- 
going signal for driving the horizontal deflection system. 
H Drive Out is an open collector output capable of sinking 
up to 1 00 mA. Its duty cycle and its phase with respect to 
H sync are DC controlled. When the output is low, the hori- 
zontal yoke driver is on and when high the driver is off. See 
Figure 5 for the output schematic. 

GND (Pin 21): System ground. All LM1291 filter compo- 
nents and bypass capacitors should be connected to this 
pin via short paths. 

PHASE DET 2 CAP (Pin 22): Phase Detector 2 Cap is the 
filter capacitor for the circuit that keeps the phase error be- 
tween the flyback pulse and H Drive Out constant. 

H DRIVE PHASE (Pin 23): A control voltage applied to this 
pin sets the phase of the flyback pulse with respect to the 
leading edge of H sync. See Figure 14 for the input sche- 
matic; 

V CAP (Pin 24): The Vertical Cap is the integration capaci- 
tor for the circuit that detects the polarity and existence of 
the vertical sync pulses. 

FVC CAP 2 (Pin 25): The Frequency to Voltage Converter 
Capacitor 2 is the filter capacitor for the longer time con- 
stant filter for the Video Mute comparator. 

FVC CAP 1 (Pin 26): The Frequency to Voltage Converter 
Capacitor 1 is the filter capacitor for the Frequency to Volt- 
age Converter and is also the shorter time constant filter for 
the Video Mute comparator. 

FVC OUT (Pin 27): The Frequency to Voltage Converter 
Output is a DC voltage proportional to frequency and is 
used to set the free-running frequency of the Voltage Con- 
trolled Oscillator. This signal goes to the VCO input via a 
resistor which is part of the PLL filter. The voltage range is 
approximately 0.6V to 6.0V for i5 kHz to 125 kHz. See Fig- 
ure 15 for the output schematic. 

VCO IN/PD1 OUT (Pin 28): The Voltage Controlled Oscilla- 
tor input and Phase Detector 1 output are connected inter- 
nally at this pin. The phase locked loop filter components 
are connected here. See Circuit Description for information 
about this pin. 
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Input/Output Schematics 
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Input/Output Schematics (Continued) 



TL/H/12323-12 


FIGURE 12 
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Typical Application 



LM1295 


National Semiconductor 


PRELIMINARY 


LM1295 

DC Controlled Geometry Correction System 
for Continuous Sync Monitors 


General Description 

The LM1295 is specifically designed for use in a continuous 
sync monitor. The injection-locked vertical oscillator oper- 
ates from 50 Hz to 1 00 Hz, covering all known video moni- 
tors. A differential output current is provided in order to pre- 
vent ground interaction. 

The 1C provides two outputs composed of the summation of 
DC controlled 1 st and 2nd order output terms. The first out- 
put corrects for EW pincushion and trapezoid. The second 
corrects for parallelogram and bow. 

A DC controlled output is provided for vertical dynamic fo- 
cus correction. 

The 1C is packaged in a 24-pin narrow DIP package and 
operates on a single 1 2 V power supply. 


Features 

■ Vertical scanning frequency 50 Hz- 100 Hz 

■ DC controlled correction term amplitudes 

■ Up to 1 25 kHz bandwidth for dynamic input signals 

■ Minimum external parts count 

■ Multiple 1C connection for convergence applications 
flexibility 

■ 1 % vertical amplitude stability over temperature 

■ Compatible with the LM1291 Horizontal PLL in a 
H/V system 

■ Dynamic vertical deflection correction for second anode 
high voltage drop 

■ Both positive and negative going correction signals 


Connection Diagram 


GND — 1 
V HEIGHT — 2 
4V CAP— 3 
V SYNC IN— 4 
8V CAP— 5 
V DYN HEIGHT— 6 

V CC “ 7 

%F CAP- 8 
H DYN WIDTH— 9 
E-W PIN CNTL— 10 
H TRAP CNTL— 1 1 
H PARA CNTL— 12 


— ^ 

1 

Z? 

24 

2 

23 

3 

22 

4 

21 

5 

20 

6 

19 

7 

18 

8 

17 

9 

16 

10 

15 

11 

14 

12 

13 


-+V DRIVE 
"-V DRIVE 
" r vert 
“ r vert 
-0SC CAP 
-2f CAP 
-ALC CAP 
-GND 

-V DYN FOCUS ’ 

-V DYN FOCUS CNTL 
-H DYN CNTR 
-H BOW CNTL 


Order Number LM1295N 
See NS Package Number N24C 
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Absolute Maximum Ratings (Notes 1 and 3) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 1 4V 

Input Voltage 

(DC, pins 1, 2, 6, 10, 11, 12, 13, 15) 5V 

Input Voltage (AC, Pin 4) 5 Vpp 

Power Dissipation (Note 4) 1 .8W 

(Above 25°C Derate Based on 0j A and Tj) 

Thermal Resistance (Oja) 70°C/W 


Junction Temperature (Tj) 150°C 

ESD Susceptibility (Note 5) 1 ,8 kV 

Storage T emperature - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 265°C 

Operating Ratings (Note 2) 

Operating T emperature Range - 20°C to + 80°C 

Supply Voltage (V cc ) 1 0.8V ^ V C c ^ 1 3.2V 

Input Voltage 

(DC, pins 2,6,10,11,12,13,15) 4V 

Input Voltage 

(AC, pin 4) 4 Vpp 


Electrical Characteristics see Test circuit (Figure 2)-, = 25°c ; v C c = i2v. 


Symbol 

Parameter 

Conditions 

i 

Typical 
(Note 6) 

Limit 
(Note 7) 

Units 

•cc 

Supply Current 

All Control Inputs = 3V 

25 

35 

mA (max) 

Vref 

Internal ref voltage at pin 8 


8.2 


V 

Rin 

Input resistance 

Pins 6, 1 0-1 3, 15 

50 

30 

kn (min) 

Ffr 

Free-run frequency 


45 


Hz 

F max 

Maximum frequency 


100 


Hz 

Cntlbw 

Control inputs bandwidth 

Pins 6, 10-13, 15 

125 


kHz 

Vhts 

Vertical height temperature 

V Height = 4V, V Dyn Height = 3V, 

1 


% 


stability 

T a = 0°C to 70°C (Note 10) 


Vdiff 

Vertical differential output 
current 

V Height = 4V, V Dyn Height = 4V, 

Pin 24 minus Pin 23 


1 

mA (min) 

Vsynh 

V sync high input voltage 



2.4 

V (min) 

Vsynl 

V sync low input voltage 



0.8 

V (max) 

Vcmrr 

Vertical output CMRR 

V 0 = 1 V to 4V, V Height = 2V, 

V Dyn Height = 3V 

30 


dB 

Vpssr 

Vertical output PSSR 

Vcc = 10.8V to 13.2V, V Height = 2 V, 

V Dyn Height = 3V 

30 


dB 

Vop-p 

Vertical peak output voltage 

R l = 10k 

6 

5 

Vpp (min) 

Vrerr 

Vertical ramp distortion 

(Note 8) V Height = 4V, 

V Dyn Height = 3V 

1 


% 

Vsoerr 

Vertical parabola distortion 

(Note 9) V Height = 2.2V, 

V Dyn Height = 3V 

8 


% 

CRfo 

First order (ramp) correction, 

Pin 12 = 0V 

2.50 


Vpp 


H Dyn Cntr (pin 1 4) 

Pin 12 = 4V 

V Dyn Height = 3V, V Height = 4V, 
parabola nulled 

2.25 



CRfo 

First order (ramp) correction, 

Pin 11 = 0V 

0.85 


Vpp 


H Dyn Width (pin 9) 

Pin 1 1 = 4V 

V Dyn Height = 3V, V Height = 4V, 

| parabola nulled 

0.75 
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Electrical Characteristics See Test Circuit (Figure 2 )-, T a = 25°C;V C o = 12V. (Continued) 


Symbol 

Parameter 

Conditions 

Typical 
(Note 6) 

Limit 
(Note 7) 

Units 

CPso 

Parabola correction range, 

H Dyn Cntr (pin 1 4), 

H Dyn Width (pin 9), 

V Dyn Focus (pin 1 6) 

Pins 10, 13, 15 = 0V 

Pins 10, 13, 15 = 4V 

V Dyn Height = 3V, V Height = 4V, 
ramp nulled for H Dyn Cntr 
and H Dyn Width 

1.2 

1.0 


Vpp 

Vodc 

Output DC bias 

Pins 9, 14 and 16; all control 
inputs at 2.2V 

4.0 


Vdc 

•o 

Output current 

Pins 9, 14 and 16 

5.0 


mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications 
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics 
may degrade when the device is not operated under the listed test conditions. 

Note 3: All voltages are measured with respect to GND, unless otherwise specified. 

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tj max , 0 ja and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tj max - Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tj max = 150°C. The typical thermal resistance (0ja) of these parts when board mounted follow: LM1295N 70°C/W. 

Note 5: Human body model, 100 pF capacitor discharged through a 1.5 kft resistor. 

Note 6: Typicals are at Ta = Tj = 25°C and represent most likely parametric norm. 

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: The deviation from a straight line drawn through measured points at 5% and 95% of the ramp is used to calculate distortion. 

Distortion = 100 (deviation, volts)/(95% value - 5% value, volts). Deviations are measured at y 3 and 2 / 3 of the ramp time period. 

Note 9: The deviation from a theoretical parabola drawn through the apex of the actual parabola is used to calculate distortion. 

Distortion = 100 (deviation, volts) /(theoretical parabola, volts) at measuring point. Nine points are measured. 

Note 10: The amplitude stability versus temperature is typically 1 % or less when a standard 10k 5% y 4 W carbon film resistor is connected between pins 21 and 22 
and located close to the package. The negative temperature coefficient of the resistor corrects for the negative temperature coefficient of the LM1295. The typical 
amplitude stability of the LM1 295 by itself is 2%. 

Test Circuit 



FIGURE 2 
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Circuit Description 

(See Figure 3, Block Diagram) 

The LM1295 has outputs which provide signals for correct- 
ing the following CRT distortions: Vertical de-focusing, East- 
West pincushion, horizontal trapezoid, horizontal parallelo- 
gram and horizontal bow. The amount and polarity of the 
corrections are controlled by voltages between OV and 4V. 
The corrections track the vertical output amplitude. 

The LM1295 has five major sections: the vertical oscillator/ 
amplifier, the parabolic function generator and three volt- 
age-controlled channels with the correction term outputs. 

VERTICAL OSCILLATOR 

The vertical oscillator is an injection-locked ramp generator 
with automatic level control. The automatic level control 
maintains the oscillator output ramp height with changes in 
input frequency. The oscillator requires negative-going TTL 
level vertical sync pulses, wider than 200 ns, to lock. In the 
absence of vertical sync, the oscillator free runs at the low 
end of the frequency range, typical 48 Hz. The vertical out- 
put amplitude is controlled by a voltage between 0V and 4V 
on the V Height input with a range of about 1 .8 to 1 , and by 
a voltage between 3V and 4V on the Vertical Dynamic 
Height input with a range of about 1.3 to 1 . The control 
bandwidth of the V Height input is low due to the automatic 
level control, but that of the Vertical Dynamic Height is 
greater than 125 kHz. The oscillator has a circuit, requiring 
an external capacitor, 2f Cap, that prevents the oscillator 
from locking at twice the vertical sync frequency. The oscil- 
lator ramp voltage is converted into differential currents su- 
perimposed on DC currents of about 315 julA for each out- 
put. The voltage to current conversion gain is inversely pro- 
portional to the value of the resistor connected between the 
Rvert pins (21 and 22). Differential current outputs are pro- 
vided instead of voltage to avoid ground noise. The ramp 
voltage goes to the parabolic function generator and to two 


multipliers used as voltage controlled amplifiers, one for 
horizontal trapezoid correction and the other for horizontal 
parallelogram correction. 

PARABOLIC FUNCTION GENERATOR 

The parabolic function generator makes a parabolic wave- 
form from the vertical ramp. Its output goes to three multipli- 
ers used as voltage controlled amplifiers, one each for 
V Dyn Focus, E-W Pin, and H Bow. 

VOLTAGE CONTROLLED AMPLIFIERS 

The V Dyn Focus voltage controlled amplifier is controlled 
by the V Dyn Focus Cntl input. Its output goes to an op amp 
whose output is V Dyn Focus. The voltage controlled ampli- 
fier has zero gain at approx. 2V input, maximum positive 
gain at 4V, and maximum negative gain at 0V. The E-W Pin, 
H Bow, H Trap and H Para voltage controlled amplifiers are 
identical to the V Dyn Focus stage, each adjusted by its 
corresponding Cntl input. The bandwidth of the Cntl inputs 
is greater than 1 25 kHz. The E-W Pin and H Bow amplifiers 
have the parabolic waveform as their input, and the H Trap 
and H Para amplifiers have the vertical ramp as their input. 
The parabolic waveform and the ramp amplitudes track the 
vertical output amplitude so the correction amplitudes follow 
accordingly. The outputs of the E-W Pin amplifier (parabola) 
and the H T rap amplifier (ramp) are summed together in an 
op amp summing circuit, with H Trap weight y 3 that of E-W 
Pin. The output of the summing amplifier is H Dyn Width, 
used for correcting E-W pincushion and horizontal trapezoid 
distortion. The outputs of the H Bow amplifier (parabola) 
and the H Para amplifier (ramp) are summed together simi- 
larly, with H Bow and H Para equally weighted. The output 
of the summing amplifier is H Dyn Cntr, used for correcting 
horizontal bow and horizontal parallelogram distortion. All 
three op amp outputs are identical structures and are typical 
low output impedance type op amp outputs, capable of sink- 
ing or sourcing 5 mA minimum. 


Block Diagram 

Osc 2f ALC 

Cap Cap Cap R VERT R VERT 
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Pin Descriptions 

See Figures 4 through 8 for Input and Output schematics. 
GND (Pin 1): This pin should be connected to the power 
ground at pin 17. 

V Height (Pin 2): Vertical Height. A voltage between OV and 
4V on this pin controls the amplitude of the + V and -V 
Drive currents, with increasing voltage giving increasing cur- 
rent. The control range is approximately 1 .8 to 1 . The re- 
sponse time is slow, being limited by the automatic level 
control loop. 

4 V Cap (Pin 3): 4 Volt Cap Capacitor. A 10 juF capacitor, 
aluminum electrolytic or tantalum, should be connected be- 
tween pin 3 (positive side) and GND (pin 1 7) to bypass the 
internal 4V reference. 

V Sync In (Pin 4): Vertical Sync Input. The vertical sync 
input takes a negative-going TTL level pulse which injection 
locks the vertical oscillator to the vertical sync frequency if it 
is above the LM1295 minimum frequency. The input thresh- 
old level is approximately 2V, so pulses other than TTL level 
are satisfactory as long as they cross the 2V threshold with 
at least a 400 mV margin either side. The input should be 
DC coupled. The minimum pulse width is approximately 
200 ns. 

8 V Cap (Pin 5): 8 Volt Capacitor. A 100 jutF capacitor, alu- 
minum electrolytic or tantalum, should be connected be- 
tween pin 5 (positive side) and GND (pin 17) to bypass the 
internal 8V reference. 

V Dyn Height (Pin 6): Vertical Dynamic Height. A voltage 
between 3V and 4V on this pin controls the amplitude of the 
+ V and -V Drive currents with increasing voltage giving 
increasing current. The control range is approximately 
1 .3 to 1 . The bandwidth of this input is DC to greater than 
125 kHz in contrast to the slow Vertical Height input. 

Vcc (Pin 7): Power, 12V nominal, Wqc should be bypassed 
to GND (pin 17) with a 10 jutF aluminum electrolytic or tanta- 
lum capacitor. 

Vref Cap (Pin 8): Voltage Reference Cap. A 1 0 /xF capaci- 
tor, aluminum electrolytic or tantalum, should be connected 
between pin 8 (positive side) and GND (pin 17). 

H Dyn Width (Pin 9): Horizontal Dynamic Width. This output 
consists of the sum of the vertical ramp and the parabola 
derived from the ramp. The amplitude and polarity of the 
ramp signal is DC controlled by H Trap Cntl (pin 11) and of 
the parabola by E-W Pin Cntl (pin 1 0). The weighting of the 
ramp is y 3 the parabola; i.e., with the H Trap and E-W Pin 
Cntls at 4V, the output is 3 parts parabola and 1 part ramp. 
Horizontal Dynamic Width is used to correct for trapezoid 
and east-west pincushion distortion. The output stage is 
similar to a standard op-amp output. The bandwidth from 
either of the 2 control pins to the output is DC to greater 
than 125 kHz. 

E-W Pin Cntl (Pin 10): East-West Pincushion Control. A 
voltage of 0V to 4V adjusts the polarity and the amount of 
parabola in the Horizontal Dynamic Width (pin 9) output. At 
approximately 2V, the amount is zero. From 2V to 4V, the 
amplitude increases and the parabola is positive-going. 
From 2V to 0V, the amplitude increases and the parabola is 
negative-going. 


H Trap Cntl (Pin 11): Horizontal Trapezoid Control. A volt- 
age of 0V to 4V adjusts the polarity and the amount of verti- 
cal ramp in the Horizontal Dynamic Width (pin 9) output. At 
approximately 2 V, the amount is zero. From 2V to 4V, the 
amplitude increases and the ramp is positive-going. From 
2V to 0V, the amplitude increases and the ramp is negative- 
going. 

H Para Cntl (Pin 12): Horizontal Parallelogram Control. A 
voltage of 0V to 4V adjusts the polarity and the amount of 
vertical ramp in the Horizontal Dynamic Center (pin 1 4) out- 
put. At approximately 2 V, the amount is zero. From 2V to 
4V, the amplitude increases and the ramp is positive-going. 
From 2 V to 0V, the amplitude increases and the ramp is 
negative-going. 

H Bow Cntl (Pin 13): Horizontal Bow Control. A voltage of 
0V to 4V adjusts the polarity and the amount of parabola in 
the Horizontal Dynamic Center (pin 14) output. At approxi- 
mately 2V, the amount is zero. From 2V to 4V, the amplitude 
increases and the parabola is positive-going. From 2 V to 0V, 
the amplitude increases and the parabola is negative-going. 
H Dyn Cntr (Pin 14): Horizontal Dynamic Center. This out- 
put consists of the sum of the vertical ramp and the parabo- 
la derived from the ramp. The amplitude and polarity of the 
ramp signal is DC controlled by H Para Cntl (pin 1 2) and of 
the parabola by H Bow Cntl (pin 13). The difference be- 
tween this output and the Horizontal Dynamic Width output 
is in the weighting of the ramp, which is equal to the parabo- 
la; i.e., with the H Para and H Bow Cntls at 4V, the output is 
1 part parabola and 1 part ramp. Horizontal Dynamic Center 
is used to correct for parallelogram and bow distortion. The 
output stage is similar to a standard op-amp output. The 
bandwidth from either of the 2 control pins to the output is 
DC to greater than 125 kHz. 

V Dyn Focus Cntl (Pin 15): Vertical Dynamic Focus Con- 
trol. A voltage of 0V to 4V adjusts the polarity and the 
amount of parabola in the Vertical Dynamic Focus (pin 16) 
output. At approximately 2V, the amount is zero. From 2V to 
4V, the amplitude increases and the parabola is positive- 
going. From 2 V to 0V, the amplitude increases and the pa- 
rabola is negative-going. 

V Dyn Focus (Pin 16): Vertical Dynamic Focus. This output 
consists of the parabola derived from the vertical ramp. The 
amplitude and polarity are controlled by V Dyn Focus Cntl. 
The output stage is similar to a standard op-amp output. 
The bandwidth from the control pin to the output is DC to 
greater than 1 25 kHz. 

GND (Pin 17): Ground. This is the power supply ground for 
the 1 2 V supply and the point to which the bypass capacitors 
are returned. 

ALC Cap (Pin 18): Automatic Level Control Capacitor. This 
capacitor is part of the level control circuit that maintains 
constant vertical height in spite of vertical sync frequency 
changes. The recommended value is 4.7 jliF, aluminum 
electrolytic or tantalum capacitor. If the VCO capacitor value 
is changed, this capacitor value should change in the same 
ratio. A 300k resistor should be connected from this pin to 
ground. 

2f Cap (Pin 19): Double frequency Capacitor. This capacitor 
prevents the vertical oscillator from locking at twice the ver- 
tical sync frequency. The recommended value is 0.47 julF. If 
the VCO capacitor value is changed, this capacitor value 
should change in the same ratio. 
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Pin Descriptions (Continued) 

Osc Cap (Pin 20): Oscillator Capacitor. This is the vertical 
oscillator capacitor. The recommended value is 0.1 jaF. The 
value can be changed to change the minimum frequency. 
Rvert (Pin 21): Vertical Resistor. One end of the Vertical 
Resistor connects to this pin. This resistor determines the 
gain of the vertical ramp current generator. The gain is in- 
versely proportional to the resistance. It is recommended 
that this be a standard 5% y 4 W carbon film resistor whose 
negative temperature coefficient corrects for the negative 
temperature coefficient of the LM1295. The resistor should 
be located near the LM1295. The recommended value is 
10 kft. 

Rvert (Pin 22): Vertical Resistor. The other end of the Verti- 
cal Resistor connects to this pin. 

Input/Output Schematics 


- V Drive (Pin 23): - Vertical Drive. This is the negative- 
going vertical ramp output current of the differential pair. 
The ramp current waveform is superimposed on a direct 
current of approximately 315 jaA. The waveform amplitude 
is determined by the Vertical Height (pin 2) control voltage 
and the Vertical Dynamic Height (pin 6) control voltage. The 
current can be converted into voltage by a resistor (typically 
1 0 kfl) to ground or by a differential amplifier using the dif- 
ferential currents as inputs. The voltage compliance of the 
output is typically 6V. 

-I- V Drive (Pin 24): + Vertical Drive. This is the same as 

- V Drive except it is the positive-going output current of 
the differential pair. 





+ 4V 



FIGURE 7 


FIGURE 8 



H DYN WIDTH 
H DYN CNTR 
V DYN FOCUS 


TL/H/1 2324-8 
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Typical Application 



Note: LM1295 is designed to drive a differential input vertical deflection amplifier. The LM1295, however, can also drive a single-ended input vertical deflection 
amplifier by just using either the + V drive or -V drive pins. 

FIGURE 9 
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LM1391 Phase-Locked Loop 

General Description 

The LM1391 integrated circuit has been designed primarily 
for use in the horizontal section of TV receivers, but may 
find use in other low frequency signal processing applica- 
tions. It includes a stable VCO, linear pulse phase detector, 
and variable duty cycle output driver. 

Features 

■ Internal active regulator for improved supply rejection 

■ Uncommitted collector of output transistor 


■ Output transistor with low saturation and high voltage 
swing 

■ APC of the oscillator with a synchronizing signal 

■ DC controlled output duty cycle 

■ ±300 Hz typical pull-in 

■ Linear balanced phase detector 

■ Low thermal frequency drift 

■ Small static phase error 

■ Adjustable DC loop gain 


Schematic Diagram 

PRE-DRIVER OSCILLATOR REGULATOR PHASE DETECTOR 



TL/H/7889-1 


(*) Pin 4 Base of Q16 (LM1391) for use with (+) flyback pulse 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Current 40 mApc 

Output Voltage 40 Vdc 

Output Current 30 mApc 

Sync Input Voltage (Pin 3) 5.0 Vp-p 


Flyback Input Voltage (Pin 4) 5.0 Vp-p 

Power Dissipation (Package Limitation) 

Plastic Package (Note 1 ) 1 000 mW 

Operating T emperature Range (Ambient) 0°C to + 70°C 
Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 


Electrical Characteristics Ta = 25°C (see test circuit, all switches in position 1) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Regulated Voltage (Pin 6) 

l 6 = 22 mA DC 

8.0 

8.6 

9.2 

VdC 

Supply Current (Pin 6) 



20 


mApc 

Collector-Emitter Saturation Voltage 
of Output Transistor (Pin 1 ) 

Id = 20 mA 


0.30 

0.40 

v DC 

Pin 4 Voltage 



2.0 


Vdc 

Oscillator Pull-in Range 

Adjust Rh 


±300 


Hz 

Oscillator Hold-in Range 

Adjust Rh 


±900 


Hz 

Static Phase Error 

Af = 300 Hz 


0.5 


JLtS 

Free-running Frequency Supply 
Dependance 

SI in position 2 


±3.0 


Hz/V D c 

Phase Detector Leakage (Pin 5) 

All switches in position 2 



±1.0 

jutA 

Sync Input Voltage (Pin 3) 


2.0 


5.0 

Vp-P 

Sawtooth Input Voltage (Pin 4) 


1.0 


3.0 

Vp-p 

Maximum Oscillator Frequency 



500 


kHz 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance 
of 1 20°C/W junction to ambient. 


Typical Performance Characteristics 


Frequency Drift vs Warm-Up 
Time 
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Output Duty Cycle vs Vm 
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Application Information 

The following equations may be considered when using the DC Loop Gain ju/3 = 3.2 X 10~ 5 Rofo Hz/rad 
LM1391 in a particular application. Noise Bandwidth 


Vrr - 8.6 

R201 = R301 = — n 

0.02 


f ° ~ 0.6 R 0 C 0 
R204 = 10 R 0 


Hz 1.5k ^ R 0 < 51k 


C203 = C204 = ■ 


1 


600 f 0 (Hz) 


Rx 2 

1 + 27 r — — Cc p/3 

f R v H- 

,nn _ 4R X C C HZ 


Damping Factor 




Test Circuit 


30V 



TL/H/7889-4 


Connection Diagram 

Dual-ln-Line Package 

PHASE 


DUTY CYCLE OSCILLATOR REGULATOR DETECTOR 

CONTROL TIMING VOLTAGE, OUTPUT 



OUTPUT GND SYNC SAWTOOTH 

INPUT INPUT TL/H/7889-2 

Top View 

Order Number LM1391N 
See NS Package Number N08E 
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Typical Applications 



FIGURE 1. TV Horizontal Processor 


R 203<^ 
Jk >FREQ 
1 TRIM 


C201—J L— 
O.OOS/jF^pN 


R2 °5 

>R208 5.1k 

► Ik 


3 Vp-p INPUT 

SYNCHRONIZING SIGNAL 

FIGURE 2. General Purpose Phase-Lock Loop 
(See Applications Information) 
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Typical Applications (Continued) 
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ional Semiconductor 


LM1823 Video IF Amplifier/PLL Detector System 


General Description 

The LM1823 is a complete video IF signal processing sys- 
tem on a chip. It contains a 5-stage gain-controlled IF ampli- 
fier, a PLL synchronous amplitude detector, self-contained 
gated AGC, and a switchable AFC detector. The increased 
flexibility of the LM1823 makes it suitable for a wide variety 
of television applications where high quality video or sound 
carrier recovery is required. These include home receiver 
video IFs, cable and subscription TV decoders, and parallel 
sound IF/intercarrier detector systems. Typical operating 
frequencies are 38.9 MHz, 45.75 MHz, 58.75 MHz, and 
61.25 MHz. 


Features 

■ Low differential gain and phase 

■ IF and detector pin compatible with LM1822 

■ Common-base IF inputs for SAW filters 

■ True synchronous video detector using PLL 

■ Excellent stability at high system gains 

■ Noise-averaged gated AGC system 

■ Uncommitted AGC comparator input 

■ Internal AGC gate generator 

■ Superior small-signal detector linearity 

■ AFC detector with adjustable output bias 

■ 9 MHz video bandwidth 

■ Reverse tuner AGC output 


Test Circuit Measure parameters at indicated test points 


IF OUTPUT 



Order Number LM1823N 
See NS Package N28B 


T1 - 50fi unbal to bal 

Mini-Circuits Lab TM01-1T 
#22 wire 
on 3 / 16 " form with 
L3 - 6y 2 T J HF core, shielded 

All caps in /xF unless noted 


IVWll'lsIfUl 

LI - 9y 2 T"| 

L2 - 4y 2 T > 
L3 - 6y 2 iJ 


TL/H/5222-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Power Supply Voltage, V2 1 5 V 

IF Supply Current, I 5 60mA 

AGC Gate Voltage, VI 4 ± 5 V 

Video Output Current, 1 1 6 10 m A 

PLL Filter Current, lie 5 mA 


DC Electrical Characteristics parameters guaranteed by electrical testing 

Ta = 25°C, Test Circuit, v|p= vqet^O, Vp H = 4V, Vgomp = 4V, and all switches in position 0 (open) unless noted. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

12V Supply Current, l 1 + 1 2 

VaGC = 6.7V.V CO MP = 6 V 

35 

60 

80 

mA 

IF Regulator Voltage, V5 

VagC = 6.7V, SW4 Position 1 

5.8 

6.4 

7.0 

V 

IF Input Voltage, V7, V 8 

Vagc= 2V, SW 2, 3, 4 Position 1 

3.2 

3.7 

4.1 

■ 

IF Decouple Offset, V6-V9 

VagC = 2V, SW 2, 3, 4 Position 1 


0 

±30 


IF Peaker Voltage (Max Gain), V3, V4 

v AGC == 2V, SW 2, 3, 4 Position 1 

2.3 

3.0 

3.6 

■ 

IF Output Current, 11 

Vagc = 9V, SW 2, 3, 4 Position 1 , 

Measure VI, h = (12-V1)/50 

3.1 

5.5 

7.8 

mA 

IF Peaker Voltage (Min Gain), V3, V4 

Vagc= 9V, SW 2 , 3, 4 Position 1 

5.5 

6.2 


V 

Detector Input Voltage, V28 

Vagc = 6.7V, SW 1 , 4 Position 1 

4.3 

4.9 

5.5 

V 

Limiter Tank Voltage, V24, V25 

Vagc=6.7V, SW 1 , 4 Position 1 

6.4 

7.0 

7.6 

V 

AFC Tank Voltage, V23, V26 

VagC= 6.7V, SW 1 , 4 Position 1 

4.3 

4.9 

5.5 

V 

VCO Tank Voltage, VI 9, V20 

VagC = 6.7V, SW 1, 4 Position 1 

4.7 

5.2 

5.7 

V 

AGC Sync Threshold, VI 7 

SW 1,2 Position 1, Adjust VcoMpfor I 13 = 0 

3.8 

4.0 

4.2 

V 

AGC Filter Leakage Current, I 13 

SW 1 , 2, 4 Position 1 


0 

±5 

jaA 

AGC Filter Charge Current, I 13 

SW 1 , 2 Position 1 , V C omp = 3.5V 

1.6 

2.2 

2.8 

mA 

AGC Filter Discharge Current, I 13 

SW 1, 2 Position 1, V C omp = 4.5V 

-0.45 

-0.70 

-0.90 

mA 

RF AGC Leakage current, In 

v AGC = 2V, All Switches Position 1 , 

Measure VII, In =(1 2- V 1 1 )/6000 


0 

20 

jutA 

RF AGC Output Current, In 

Vagc” 10V, All Switches Position 1 , 

Measure VII, In = (1 2 - V 1 1 )/6000 

1.5 

1.8 


mA 


Detector Input Signal, vqet 
P ower Dissipation 
Thermal Resistance, 0 ja 
J unction Temperature 
Operating Temperature Range 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 


1 Vrms 
2W 
50° C/W 
125°C 
0 °C to 70°C 
— 65°C to + 1 50°C 
260° C 
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Detector AC Set-Up Procedure sw i, 4 position i, v AGC =ov 





1 . Apply vqet" 10 mVrms, 45.75 MHz GW at the detector input. Tune LI for maximum AC signal at pin 25, measured with a iOx 

FET probe or through a 1 pF capacitor to prevent loading of the limiter tank. 

2. Increase vdet to 60 mVrms. Adjust L3 until the PLL locks, as indicated by 1 a DC voltage at the video output pin 16. 

3. With the detector locked, adjust L3 for 4.0V at pin 18. 

4. Adjust Vph for maximum detector efficiency by monitoring pin 1 6 for a minimum DC voltage. 

5. Adjust L2 for 3.0V at pin 27 (on sensitive slope of AFC curve). 

AC Electrical Characteristics parameters guaranteed by electrical testing 

Ta = 25°C, Test Circuit, defector set-up as above, f = 45.75 MHz, Vagc = 6.7V, v COMP = 4V, and al1 switches in position 0 
(open) unless noted. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

IF Amplifier Gain, vout /v if (Note 1) 

Vagc = 2V, SW 2, 3, 4 Position 1 , 

V|p — 500 jaVrms 

25 

35 


dB 

Vagc for 1 5 dB Gain Reduction 

SW 2, 3, 4 Position 1, v|p = 2.8 mVrms, 
Adjust Vagc f° r Same vqut as Gain Test 

4.2 

m 


V 

Vagc for 45 dB Gain Reduction 

SW 2, 3, 4 Position 1, v|p=89 mVrms, 

Adjust Vagc for Same vqut as Gain Test 

5.1 

5.5 

6,1 

V 

Zero Carrier Level, VI 6 

SW 1, 2, 4 Position 1, vdet =0 

6.6 


8.4 

V 

Detected Output Level, AVI 6 

SW 1, 2, 4 Position 1, vdet = 60 m/Vrms, 
Measure Change in VI 6 from Zero 

Carrier Test 

2 


■ 


Overload Output Voltage, VI 6 

SW 1,2,4 Position 1 , vdet = 600 mVrms 


2 

3 

S3 

AFC Output Voltage (OFF), V27 

SW 1,2,4 Position 1 , vdet = 0 

2.8 

3.0 

3.2 

S3 

AFC Minimum Output Voltage, V27 

SW 1 , 4 Position 1 , vdet = 60 mVrms, 

46.75 MHz 


0.5 

1.0 

■ 

AFC Maximum Output Voltage, V27 

SW 1 , 4 Position 1 , vdet = 60 mVrms, 

44.75 MHz 

9 

10 


V 

PLL Pull-In Range, Af 

SW 1 , 4 Position 1 , vdet = 60 mVrms, 

Vary Frequency and Measure the 

Difference between Lock Points 

2 

3 


MHz 

Note 1: The IF amplifier gain is specified with the IF output connected to a 50ft measurement system which results in a 25ft loaded impedance. The gain in an 
actual application will typically be 26 dB higher. 
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Design Parameters NOT TESTED OR GUARANTEED Typical Application Circuit 


Parameter 

Typ 

Units 

Maximum System Operating Frequency 

70 

MHz 

IF Input Impedance (Differential Pin 7-8), 45 MHz 

60 

n 

IF Output Impedance, 45 MHz 

10 

k n 

IF Gain Control Range 

55 

dB 

Detector Input Impedance, 45 MHz 

2 

k a 

Detector Output Bandwidth, -3 dB 

9 

MHz 

Detector Differential Gain (Note 2) 

3 

% 

Detector Differential Phase (Note 2) 

1 

deg 

Detector Output Harmonic Levels below 3 Vp-p Video 

-40 

dB 

VCO Temperature Coefficient 

-150 

ppm/°C 


Note: 2: Differential gain and phase measured with the limiter tank adjusted for minimum differential phase. 


Typical Application 45.75 MHz (see Application Notes) 


12V 



LI - 9y z Tl #22 wire 
L2 - 4y 2 T r on 3.16" form with 
L3 - 6y 2 lJ HF core, shielded 
All caps in ju,F unless noted 
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Application Notes Refer to Typical Application Circuit 

COMMENTS ON RF Coupling 

The LM1823 is a high gain RF system which is critically 
dependent on the ground plane and positioning of the exter- 
nal components. For this reason, it is suggested that the 
printed circuit layout shown in Figure 3 be strictly adhered 
to. 

The most sensitive points in the system to unwanted RF 
coupling are the IF input pins 6-9. There are two different 
signals which can cause different problems when coupling 
into the IF inputs. If the IF output is coupling to the input, it 
can cause bandpass tilting, peaking, and in extreme cases, 
oscillation. The other signal which can couple to the IF in- 
puts is the PLL detector VCO. This VCO coupling can cause 
AFC skewing, non-symmetrical detector pull-in, and failure 
of the detector to acquire lock at weak signal levels. These 
input coupling problems will be most acute at maximum gain 
and will decrease as the IF is gain reduced by AGC action. 

The differential IF inputs offer a large amount of inherent 
rejection to unwanted RF coupling. Therefore, A FULLY 
BALANCED INPUT SOURCE IS MANDATORY. The input 
leads must be routed together and socketless operation is 
recommended above 50 MHz. However, residual coupling 
may still dictate the maximum IF amplifier gain which can be 
taken (see Pin Descriptions). 

PIN DESCRIPTIONS 

Pin 1-IF Amplifier Output: Pin 1 is connected to an open- 
collector NPN device. The load on pin 1 must be returned to 
the 12V supply as close as possible to pin 2. The IF output 
load may be either resistive as shown in the Typical Applica- 
tion, or an LC tank. The tank need only be used if a tunable 
bandpass characteristic is desired, or in conjunction with a 
sound trap. 

Pin 2- 12V Supply: The LM1823 requires a nominal 12V 
supply but can accept a ±10% variation. Pin 2 must be RF 
decoupled to a good ground as close as possible to the 1C. 

Pins 3, 4-IF Gain Adjustment: Pins 3 and 4 are connected 
to the two emitters of the 4th IF differential amplifier such 
that the gain of the stage is set by the impedance between 
the pins. There is an internal 1 360H resistor to set the mini- 
mum gain when the pins are left open. Adding an external 
resistor increases the gain by the ratio of the parallel imped- 
ance to the original 1 360H. The pin 3 to 4 external resistor 
primarily affects the maximum IF gain; the relative gain in- 
crease goes away over the first 20 dB of AGC. 

Pin 5-IF Supply: The IF supply employs an internal 6.4V 
shunt regulator which is fed by an external dropping resistor 
from pin 2 to pin 5. RF decoupling from pin 5 to the pin 10 
ground plane is critical. 

Pins 6-9-IF Input and Decouple Pins: The LM1 823 uses a 
common-base differential input stage as shown in Figure 1. 

Pins 7 and 8 connect directly to the emitters of the input 
devices, while pins 6 and 9 decouple the DC feedback loop 
at the bases. 

The gain of a common-base amplifier depends inversely on 
the source impedance. The LM1823 is designed to operate 
from differential impedances in the 5000 to 20000 range, 
which is typical for surface acoustic wave (SAW) filters. Al- 
ternatively, the IF may be used with a transformer input con- 
figuration similar to that shown in the Test Circuit, as long as 
the required source impedance is maintained. In all cases a 
balanced source must be used. 



TL/H/5222-3 

FIGURE 1. IF Input Stage 

Both the input network to pins 7 and 8 and decoupling ca- 
pacitor between pin 6 and pin 9 must be as close to the 
device as is physically possible to minimize RF coupling. 
Pin 10-IF Ground: Pin 10 grounds the IF and AGC circuits 
in the LM1823. It is separate from the detector and chip 
substrate grounds to prevent internal coupling. 

Pin 11-RF AGC Output: Pin 11 is connected to an open- 
collector NPN device. It begins to conduct current when the 
voltage on the AGC filter capacitor at pin 13 exceeds the 
voltage set at the takeover pin 12 by approximately 0.6V. 
When connected to a resistor to 12V, this produces a falling 
voltage at pin 1 1 suitable for reverse tuner AGC inputs. 

Pin 12-RF AGC Takeover Adjust: The voltage preset at pin 
12 determines when the IF stops gain reducing and the tun- 
er begins gain reducing as the pin 1 3 AGC filter capacitor 
voltage increases with signal level. A higher voltage at pin 
12 delays the RF AGC takeover until more IF gain reduction 
has been taken (higher signal levels), while a lower voltage 
limits the IF gain reduction before RF takeover. 

When the LM1 823 is being used without a tuner, pin 1 2 may 
be connected to supply. 

Pin 13-AGC Filter: Pin 13 is a push-pull current source out- 
put from the AGC comparator. The comparator compares 
the negative sync tips of noise-averaged pin 1 7 video with 
an internal 4V reference. Increases in signal produce a cur- 
rent out of pin 13 which charges the filter capacitor, while 
decreases discharge the capacitor. The resulting change in 
voltage at pin 13 controls the IF and tuner gains to maintain 
the pin 17 sync tip level at 4V. An optional capacitor be- 
tween pin 13 and the takeover pin 12 couples the ripple 
produced by a rapidly varying signal into the takeover pin to 
enhance the AGC loop response. 

Pin 14-AGC Gate Generator Time Constant: The AGC 

comparator is gated on during sync time by a pulse from an 
internal gate generator. The gate pulse which activates the 
comparator is derived from the sync pulse in the same video 
which feeds the comparator input (see pin 17 description). 
An RC time constant on pin 14 determines the slice level on 
the leading edge of the sync pulse at which the comparator 
is gated on. This level is approximately Vslice = 1 /(2RC) in 
millivolts above the sync tip, and should be set at ^25% of 
the sync amplitude. Note that Vslice only determines when 
the AGC comparator turns on, and is unrelated to the com- 
parator reference. 

In the Typical Application, Vslice - 1 00 mV, or 10% of a IV 
sync pulse. Increasing Vslice improves the AGC recovery 
from step changes in signal level but increases the risk of 
video interaction. When modifying the time constant, 
change the capacitor value only. 
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Pin 15-Supply Decouple: Pin 15 is an additional connec- 
tion to the 12V supply to allow RF decoupling on the detec- 
tor side of the chip. 

Pin 16-Video Output: Pin 16 is a Darlington NPN emitter- 
follower output supplying negative sync video. With no de- 
tector input signal the pin 1 6 voltage sits at the zero carrier 
level, representing peak white. As the input signal level in- 
creases, the pin 16 voltage decreases towards black. The 
sync pulses are normally the most negative portion of the 
recovered video. 



FIGURE 2. Adjustable Recovered Video Level 

Pin 17-AGC Comparator Input: External negative sync vid- 
eo is fed to the AGC comparator and gate generator via pin 
17. An internal low pass filter removes high frequency noise 
and transients. The peak-to-peak video level with the AGC 
loop active is determined by the difference between the 
zero carrier level at pin 1 7 and the 4V sync tip level being 
held by the AGC comparator (see pin 13 description). 
When the LM1823 is being used to recover normal video, 
pin 17 may simply be returned to pin 16. This results in a 
nominal 3 Vp-p video level, but which is subject to variations 
in the pin 1 6 zero carrier level. The network shown in Figure 
2 can be used to change the zero carrier at pin 17, thus 
providing an adjustable recovered video level. The pin 16 
video level should be maintained at between 1 Vp-p mini- 
mum and 4 Vp-p maximum. 

In suppressed sync systems, the recovered video at pin 1 6 
may require processing to restore normal sync amplitude 
before being fed to pin 1 7. In this case, it is mandatory that a 
DC path be maintained for the zero carrier level through any 
external circuitry. Any DC level shift between pins 1 6 and 1 7 
will have the effect of changing the video level as previously 
described. 

Pin 18-PLL Filter: Pin 18 is connected to both the output of 
the phase detector and the control input of the VCO. The 
polarity of the VCO control characteristic is such that in- 
creasing the pin 18 voltage increases the VCO frequency. 
An external resistive divider at pin 1 8 serves two functions. 
The divider parallel impedance sets the gain of the phase 
detector, while the divider ratio places the quiescent voltage 
at the center of the VCO control characteristic. The 20 kft 
impedance, y 3 supply divider shown in the Typical Applica- 
tion has been chosen to provide optimum performance. The 
series capacitor and resistor to ground complete the PLL 
filter. 

An internal zener clamp to ground at pin 18 prevents the 
phase detector output from pulling the VCO control input 
over 5.6V. For this reason, external voltages should not be 
forced at pin 1 8 to avoid damaging the clamp. 

Pins 19, 20-VCO Tank: A parallel LC tank between pins 19 
and 20 sets the VCO center frequency. The tank Q is 
RpL/Xc, where RpL is the coil Rp loaded by an internal 


1 500fl resistor. Increasing the Q (larger C) improves stabili- 
ty but reduces the VCO control range. The tank shown in 
the Typical Application will yield a loaded Q of around 15, 
providing stable operation with a control range in excess of 
2 MHz. 

Pin 21-Substrate Ground: Pin 21 grounds the chip sub- 
strate along with all of the AFC and PLL detector grounds. 
Pin 22-Detector Phase Adjust: The video detector re- 
quires a reference signal in phase with the input signal carri- 
er for maximum detection efficiency. However, the action of 
the PLL inherently sets the VCO phase in quadrature (at 90 
degrees) with the limiter output. Therefore a variable phase 
shift network, controlled by pin 22, is used internally be- 
tween the VCO and video detector to insure proper phasing. 
Pin 22 requires an adjustment voltage centered at y 3 supply 
with ± 2V of control range. 

The pin 22 adjustment procedure described in the Detector 
AC Set-Up Procedure is an open loop approach where the 
voltage is adjusted for maximum detected output with a 
fixed detector input signal. In the Typical Application, with 
the detector input being fed from the IF amplifier and the 
AGC loop active, the pin 22 adjustment is made by maximiz- 
ing the AGC filter voltage at pin 13. In all cases the detector 
phase adjustment must be performed after the limiter is 
tuned. 

Pins 23, 26-AFC Tank: A parallel LC tank between pins 23 
and 26 sets the center of the AFC characteristic. The inter- 
nal resistance is typically 20 kft, so that Q will be dominated 
by the coil Rp. The L/C ratio shown in the Typical Applica- 
tion maximizes Q to provide a steep AFC output slope. 

A quadrature input signal is required at the AFC tank to 
operate the AFC detector. This signal is derived by light 
capacitive coupling from the limiter tank. For applications at 
45 MHz and above, the stray printed circuit capacitance 
from the adjacent limiter tank couples sufficient signal for 
proper operation. However, at lower IF frequencies, small (1 
pF-5 pF) capacitors may be required between the adjacent 
pins as shown in the Test Circuit. 

A second function of pins 23 and 26 allows turning the AFC 
detector OFF by grounding either side of the AFC tank. Up 
to 2 kH may be placed in series with the switch connection 
to prevent unbalancing the tank. 

Pins 24, 25-Limiter Tank: A parallel LC tank between pins 
24 and 25 forms the tuned load for a single stage limiting 
amplifier which strips amplitude information from the signals 
feeding the AFC and phase detectors. The amplifier has a 
small signal gain of approximately 50, with internal Schottky 
diodes across the tank to limit the output amplitude to 500 
mVp-p. 

The linearity of the detector video outputs depends directly 
on limiter tuning. Making the limiter adjustment based on 
maximum signal level at pins 24, 25 as outlined in the De- 
tector AC Set-Up Procedure results in nearly optimum out- 
put linearity. However, to completely null the output differen- 
tial phase the limiter should be adjusted while monitoring 
this parameter. 

Pin 27-AFC Detector Output: Pin 27 is push-pull current 
source output from the AFC detector. The polarity is such 
that pin 27 sources current when the input signal is below 
the center frequency, and sinks current above the center 
frequency. An external resistive divider sets both the gain 
and quiescent output voltage of the AFC. Although the net- 
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Application Notes (Continued) Refer to Typical Application Circuit 


work shown in the Typical Application sets up the output at Pin 28-Detector Input: Pin 28 is internally DC-biased and 

% supply, it could easily be changed to y 2 supply by using requires an AC-coupfed input signal. The network between 

equal-valued resistors. When setting up the AFC detector, pins 1 and 28 should not allow over 1 Vrms at the input 

the tank should always be tuned so the output is at the during signal transients to prevent overloading the detector, 

quiescent divider voltage with the desired center frequency When a tank is being used for the IF output load, a capaci- 

applied. tive divider may be used from pin 1 to pin 28 in which the 

series equivalent capacitance resonates with the coil. 



TL/H/5222-5 


FIGURE 3. Printed Circuit Layout (Component Side). 


2-194 




N a t 


ional Semiconductor 


LM 1881 Video Sync Separator 


General Description 

The LM1881 Video sync separator extracts timing informa- 
tion including composite and vertical sync, burst/back porch 
timing, and odd/even field information from standard nega- 
tive going sync NTSC, PAL*, and SECAM video signals with 
amplitude from 0.5V to 2 V p-p. The integrated circuit is also 
capable of providing sync separation for non-standard, fast- 
er horizontal rate video signals. The vertical output is pro- 
duced on the rising edge of the first serration in the vertical 
sync period. A default vertical output is produced after a 
time delay if the rising edge mentioned above does not oc- 
cur within the externally set delay period, such as might be 
the case for a non-standard video signal. 


Features 

■ AC coupled composite input signal 

■ > 1 0 kfi input resistance 

■ <10 mA power supply drain current 

■ Composite sync and vertical outputs 

■ Odd/even field output 

■ Burst gate/back porch output 

■ Horizontal scan rates to 1 50 kHz 

■ Edge triggered vertical output 

■ Default triggered vertical output for non-standard video 
signal (video games-home computers) 


Connection Diagram 
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Order Number LM1881M or LM1881N 
See NS Package Number M08A or N08E 


TL/H/9150-1 


*PAL in this datasheet refers to European broadcast TV standard “Phase Alternating Line”, and not to Programmable Array Logic. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 13.2V 

Input Voltage 3 Vpp (Vcc = 5 V) 

6 Vpp (V CC ^8V) 

Output Sink Currents; Pins 1,3,5 5 mA 

Output Sink Current; Pin 7 2 mA 

Package Dissipation (Note 1) 1 100 mW 

Operating Temperature Range 0°C - 70°C 

Electrical Characteristics 


Vcc = 5V; Rset = 680 kCl; T A = 25°C; Unless otherwise specified 


Parameter 

Conditions 


Tested 

Limit (Note 3) 

Design 

Limit (Note 4) 

Units 

(Limits) 

Supply Current 

Outputs at Logic 1 

V CC = 5V 

5.2 

10 


mAmax 



Vcc = 12V 

5.5 

12 


mAmax 

DC Input Voltage 

* Pin 2 


1 5 

1.3 


Vmin 





1.8 


Vmax 

Input Threshold Voltage 

Note 5 


70 

55 


mVmin 





85 


mVmax 

Input Discharge Current 

Pin 2; V| N = 2V 


■j -| 

6 


juAmin 





16 


juLAmax 

Input Clamp Charge Current 

Pin 2; V| N = IV 

0.8 

0.2 



Rset Pin Reference Voltage 

Pin 6; Note 6 


1 22 

1.10 


Vmin 





1.35 


Vmax 

Composite Sync. & Vertical 

•out “ 40 j^A; 

V CC = 5V 

4.5 

4.0 


Vmin 

Outputs 

Logic 1 

V C C = 12V 


11.0 


Vmin 


•out =1.6 mA 

5 

ii 

8 

> 

3.6 

2.4 


Vmin 


Logic 1 

Vcc = 12V 


10.0 


Vmin 

Burst Gate & Odd/ Even 

•out = 40 J^A; 

Vcc = 5V 

4.5 

4.0 


Vmin 

Outputs 

Logic 1 

V CC = 12V 


11.0 


Vmin 

Composite Sync. Output 

•out =~1.6 mA; Logic 0; Pin 1 

0.2 

0.8 



Vertical Sync. Output 

•out =-1-6 mA; Logic 0; Pin 3 

0.2 

0.8 


Vmax 

Burst Gate Output 

•out =-1-6 mA; Logic 0; Pin 5 

0.2 

0.8 


Vmax 

Odd/ Even Output 

•out =-1.6 mA; Logic 0; Pin 7 

0.2 

0.8 


Vmax 

Vertical Sync Width 



230 

190 







300 



Burst Gate Width 

2.7 kH from Pin 5 to Vcc 

4 



jusmin 







jLtsmax 

Vertical Default Time 

Note 7 


65 

32 







90 




Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a package thermal 
resistance of 1 10° C/W, junction to ambient. 

Note 2: ESD susceptibility test uses the “human body model, 100 pF discharged through a 1.5 kfi resistor”. 

Note 3: Typicals are at Tj = 25°C and represent the most likely parametric norm. 

Note 4: Tested Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 5: Relative difference between the input clamp voltage and the minimum input voltage which produces a horizontal output pulse. 

Note 6: Careful attention should be made to prevent parasitic capacitance coupling from any output pin (Pins 1,3,5, and 7) to the Rset pin (Pin 6). 

Note 7: Delay time between the start of vertical sync (at input) and the vertical output pulse. 


Storage Temperature Range -65°C to + 1 50°C 

ESD Susceptibility (Note 2) 2 kV 

Soldering Information 

Dual-ln-Line Package (10 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See AN-450 “Surface Mounting Methods and their Effect on 
Product Reliability” for other methods of soldering surface 
mount devices. 
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Typical Performance Characteristics 


R se t Value Selection 
vs Vertical Serration 
Pulse Separation 



(ms) 


Vertical Pulse 
Width vs Rset 



VERTICAL PULSE WIDTH 


Vertical Default 
Sync Delay Time 
vs Rset 



VERTICAL DEFAULT SYNC 
DELAY TIME 
(MS) 


Vertical Pulse 



0 20 40 60 70 

TEMPERATURE (°C) 


Burst/Black Level 
Gate Time vs Rset 



BURST/ BLACK LEVEL 
GATE TIME 
(ms) 

Supply Current vs 
Supply Voltage 

io. 

8 



2 
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Application Notes 

The LM1881 is designed to strip the synchronization signals 
from composite video sources that are in, or similar to, the 

N. T.S.C. format. Input signals with positive polarity video (in- 
creasing signal voltage signifies increasing scene bright- 
ness) from 0.5V (p-p) to 2V (p-p) can be accommodated. 
The LM1881 operates from a single supply voltage between 
5V DC and 1 2V DC. The only required external components 
beside power supply and set current decoupling are the in- 
put coupling capacitor and a single resistor that sets internal 
current levels, allowing the LM1881 to be adjusted for 
source signals with line scan frequencies differing from 
1 5.734 kHz. Four major sync signals are available from the 
l/C: composite sync including both horizontal and vertical 
scan timing information; a vertical sync pulse; a burst gate 
or back porch clamp pulse; and an odd/even output. The 
odd/even output level identifies which video field of an inter- 
laced video source is present at the input. The outputs from 
the LM1881 can be used to gen-lock video camera/VTR 
signals with graphics sources, provide identification of video 
fields for memory storage, recover suppressed or contami- 
nated sync signals, and provide timing references for the 
extraction of coded or uncoded data on specific video scan 
lines; 

To better understand the LM1881 timing information and 
the type of signals that are used, refer to Figure 2(a-e) 
which shows a portion of the composite video signal from 
the end of one field through the beginning of the next field. 

COMPOSITE SYNC OUTPUT 

The Composite sync output, Figure 2(b ) , is simply a repro- 
duction of the signal waveform below the composite video 
black level, with the video completely removed. This is ob- 
tained by clamping the video signal sync tips to 1 .5V DC at 
Pin 2 and using a comparator threshold set just above this 
voltage to strip the sync signal, which is then buffered out to 
Pin 1 . The threshold separation from the clamped sync tip is 
nominally 70 mV which means that for the minimum input 
level of 0.5V (p-p), the clipping level is close to the halfway 
point on the sync pulse amplitude (shown by the dashed 
line on Figure 2(a ) ). This threshold separation is indepen- 
dent of the signal amplitude, therefore, for a 2V (p-p) input 
the clipping level occurs at 1 1 % of the sync pulse ampli- 
tude. The charging current for the input coupling capacitor is 

O. 8 mA, whereas the discharge current is only 1 1 juA, typi- 
cally. This allows relatively small capacitor values to be 
used — 0.1 ju,F is generally recommended. 

Normally the signal source for the LM1 881 is assumed to be 
clean and relatively noise-free, but some sources may have 
excessive video peaking, causing high frequency video and 
chroma components to extend below the black level refer- 
ence. Some video discs keep the chroma burst pulse pres- 
ent throughout the vertical blanking period so that the burst 
actually appears on the sync tips for three line periods in- 
stead of at black level. A clean composite sync signal can 
be generated from these sources by filtering the input sig- 
nal. When the source impedance is low, typically 7 5ft, a 
620ft resistor in series with the source and a 51 0 pF capaci- 
tor to ground will form a low pass filter with a corner fre- 
quency of 500 kHz. This bandwidth is more than sufficient to 
pass the sync pulse portion of the waveform; however, any 
subcarrier content in the signal will be attenuated by almost 
1 8 dB, effectively taking it below the comparator threshold. 
Filtering will also help if the source is contaminated with 
thermal noise. The output waveforms will become delayed 


from between 40 ns to as much as 200 ns due to this filter. 
This much delay will not usually be significant but it does 
contribute to the sync delay produced by any additional sig- 
nal processing. Since the original video may also undergo 
processing, the need for time delay correction will depend 
on the total system, not just the sync stripper. 

VERTICAL SYNC OUTPUT 

A vertical sync output is derived by internally integrating the 
composite sync waveform (Figure 3). To understand the 
generation of the vertical sync pulse, refer to the lower left 
hand section Figure 3. Note that there are two comparators 
in the section. One comparator has an internally generated 
voltage reference called Vi going to one of its inputs. The 
other comparator has an internally generated voltage refer- 
ance called V 2 going to one of its inputs. Both comparators 
have a common input at their noninverting input coming 
from the internal integrator. The internal integrator is used 
for integrating the composite sync signal. This signal comes 
from the input side of the composite sync buffer and are 
positive going sync pulses. The capacitor to the integrator 
is internal to the LM1881. The capacitor charge current is 
set by the value of the external resistor R set . The output of 
the integrator is going to be at a low voltage during the 
normal horizontal lines because the integrator has a very 
short time to charge the capacitor, which is during the hori- 
zontal sync period. The equalization pulses will keep the 
output voltage of the integrator at about the same level, 
below the Vi. During the vertical sync period the narrow 
going positive pulses shown in Figure 2 is called the serra- 
tion pulse. The wide negative portion of the vertical sync 
period is called the vertical sync pulse. At the start of the 
vertical sync period, before the first Serration pulse occurs, 
the integrator now charges the capacitor to a much higher 
voltage. At the first serration pulse the integrator output 
should be between Vi and V 2 . This would give a high level 
at the output of the comparator with Vi as one of its inputs. 
This high is clocked into the “D” flip-flop by the falling edge 
of the serration pulse (remember the sync signal is inverted 
in this section of the LM1881). The “Q” output of the “D” 
flip-flop goes through the OR gate, and sets the R/S flip- 
flop. The output of the R/S flip-flop enables the internal 
oscillator and also clocks the ODD/EVEN “D” flip-flop. The 
ODD/ EVEN field pulse operation is covered in the next sec- 
tion. The output of the oscillator goes to a divide by 8 circuit, 
thus resetting the R/S flip-flop after 8 cycles of the oscilla- 
tor. The frequency of the oscillator is established by the 
internal capacitor going to the oscillator and the external 
R se t- The “Q” output of the R/S flip-flop goes to pin 3 and is 
the actual vertical sync output of the LM1881. By clocking 
the “D” flip-flop at the start of the first serration pulse 
means that the vertical sync output pulse starts at this point 
in time and lasts for eight cycles of the internal oscillator as 
shown in Figure 2. 

How R se t affects the integrator and the internal oscillator is 
shown under the Typical Performance Characteristics. The 
first graph is “R S et Value Selection vs Vertical Serration 
Pulse Separation”. For this graph to be valid, the vertical 
sync pulse should last for at least 85% of the horizontal half 
line (47% of a full horizontal line). A vertical sync pulse from 
any standard should meet this requirement; both NTSC and 
PAL do meet this requirement (the serration pulse is the 
remainder of the period, 10% to 15% of the horizontal 
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Application Notes (Continued) 

half line). Remember this pulse is a positive pulse at the 
integrator but negative in Figure 2. This graph shows how 
long it takes the integrator to charge its internal capacitor 
above Vi. 

WITH R se t too large the charging current of the integrator 
will be too small to charge the capacitor above Vi, thus 
there will be no vertical synch output pulse. As mentioned 
above, R se t also sets the frequency of the internal oscillator. 
If the oscillator runs too fast its eight cycles will be shorter 
than the vertical sync portion of the composite sync. Under 
this condition another vertical sync pulse can be generated 
on one of the later serration pulses after the divide by 8 
circuit resets the R/S flip-flop. The first graph also shows 
the minimum R set necessary to prevent a double vertical 
pulse, assuming that the serration pulses last for only three 
full horizontal line periods (six serration pulses for NTSC). 
The actual pulse width of the vertical sync pulse is shown in 
the “Vertical Pulse Width vs R se t” graph. Using NTSC as an 
example, lets see how these two graphs relate to each oth- 
er. The Horizontal line is 64 juls long, or 32 juls for a horizon- 
tal half line. Now round this off to 30 juts. In the “R se t Value 
Selection vs Vertical Serration Pulse Separation” graph the 
minimum resistor value for 30 juts serration pulse separation 
is about 550 kft. Going to the “Vertical Pulse Width vs R se t” 
graph one can see that 550 kft gives a vertical pulse width 
of about 1 80 juts, the total time for the vertical sync period of 
NTSC (3 horizontal lines). A 550 kft will set the internal 
oscillator to a frequency such that eight cycles gives a time 
of 180 juts, just long enough to prevent a double vertical 
sync pulse at the vertical sync output of the LM1881 . 

The LM1881 also generates a default vertical sync pulse 
when the vertical sync period is unusually long and has no 
serration pulses. With a very long vertical sync time the inte- 
grator has time to charge its internal capacitor above the 
voltage level Since there is no falling edge at the end of 
a serration pulse to clock the “D” flip-flop, the only high 
signal going to the OR gate is from the default comparator 
when output of the integrator reaches V 2 . At this time the 
R/S flip-flop is toggled by the default comparator, starting 
the vertical sync pulse at pin 3 of the LM1881. If the default 
vertical sync period ends before the end of the input vertical 
sync period, then the falling edge of the vertical sync (posi- 
tive pulse at the “D” flip-flop) will clock the high output from 
the comparator with Vi as a reference input. This will retrig- 
ger the oscillator, generating a second vertical sync output 
pulse. The “Vertical Default Sync Delay Time vs R se t” 
graph shows the relationship between the R set value and 
the delay time from the start of the vertical sync period be- 
fore the default vertical sync pulse is generated. Using the 
NTSC example again the smallest resistor for R set is 500 
kft. The vertical default time delay is about 50 juls, much 
longer than the 30 jus serration pulse spacing. 

A common question is how can one calculate the required 
R se t with a video timing standard that has no serration puls- 
es during the vertical blanking. If the default vertical sync is 
to be used this is a very easy task. Use the “Vertical Default 


Sync Delay Time vs R se t” graph to select the necessary 
R se t to give the desired delay time for the vertical sync out- 
put signal. If a second pulse is undesirable, then check the 
“Vertical Pulse Width vs R se t” graph to make sure the verti- 
cal output pulse will extend beyond the end of the input 
vertical sync period. In most systems the end of the vertical 
sync period may be very accurate. In this case the preferred 
design may be to start the vertical sync pulse at the end of 
the vertical sync period, similar to starting the vertical sync 
pulse after the first serration pulse. A VGA standard is to be 
used as an example to show how this is done. In this stan- 
dard a horizontal line is 32 juts long. The vertical sync period 
is two horizontal lines long, or 64 juts. The vertical default 
sync delay time must be longer than the vertical sync peri- 
od of 64 juts. In this case R se t must be larger than 680 kft. 
R se t must still be small enough for the output of the integra- 
tor to reach Vi before the end of the vertical period of the 
input pulse. The first graph can be used to confirm that R set 
is small enough for the integrator. Instead of using the verti- 
cal serration pulse separation, use the actual pulse width of 
the vertical sync period, or 64 juls in this example. This graph 
is linear, meaning that a value as large as 2.7 Mft can be 
used for R se t (twice the value as the maximum at 30 juts). 
Due to leakage currents it is advisable to keep the value of 
R se t under 2.0 Mft. In this example a value of 1.0 Mft is 
selected, well above the minimum of 680 kft. With this value 
for R set the pulse width of the vertical sync output pulse of 
the LM1881 is about 340 juts. 

ODD/EVEN FIELD PULSE 

An unusual feature of LM1881 is an output level from Pin 7 
that identifies the video field present at the input to the 
LM1 881. This can be useful in frame memory storage appli- 
cations or in extracting test signals that occur only in alter- 
nate fields. For a composite video signal that is interlaced, 
one of the two fields that make up each video frame or 
picture must have a half horizontal scan line period at the 
end of the vertical scan — i.e., at the bottom of the picture. 
This is called the “odd field” or “field 1”. The “even field” 
or “field 2” has a complete horizontal scan line at the end of 
the field. An odd field starts on the leading edge of the first 
equalizing pulse, whereas the even field starts on the lead- 
ing edge of the second equalizing pulse of the vertical re- 
trace interval. Figure 2(a) shows the end of the even field 
and the start of the odd field. 

To detect the odd/even fields the LM1881 again integrates 
the composite sync waveform (Figure 3). A capacitor is 
charged during the period between sync pulses and dis- 
charged when the sync pulse is present. The period be- 
tween normal horizontal sync pulses is enough to allow the 
capacitor voltage to reach a threshold level of a comparator 
that clears a flipflop which is also being clocked by the sync 
waveform. When the vertical interval is reached, the shorter 
integration time between equalizing pulses prevents this 
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threshold from being reached and the Q output of the flip- 
flop is toggled with each equalizing pulse. Since the half line 
period at the end of the odd field will have the same effect 
as an equalizing pulse period, the Q output will have a differ- 
ent polarity on successive fields. Thus by comparing the Q 
polarity with the vertical output pulse, an odd/even field in- 
dex is generated. Pin 7 remains low during the even field 
and high during the odd field. 

BURST/BACKPORCH OUTPUT PULSE 

In a composite video signal, the chroma burst is located on 
the backporch of the horizontal blanking period. This period, 
approximately 4.8 juts long, is also the black level reference 
for the subsequent video scan line. The LM1881 generates 
a pulse at Pin 5 that can be used either to retrieve the chro- 
ma burst from the composite video signal (thus providing a 
subcarrier synchronizing signal) or as a clamp for the DC 
restoration of the video waveform. This output is obtained 
simply by charging an internal capacitor starting on the trail- 
ing edge of the horizontal sync pulses. Simultaneously the 
output of Pin 5 is pulled low and held until the capacitor 
charge circuit times out — 4 juts later. A shorter output burst 
gate pulse can be derived by differentiating the burst output 
using a series C-R network. This may be necessary in appli- 
cations which require high horizontal scan rates in combina- 
tion with normal (60-120 Hz) vertical scan rates. 

APPLICATIONS 

Apart from extracting a composite sync signal free of video 
information, the LM1881 outputs allow a number of interest- 
ing applications to be developed. As mentioned above, the 
burst gate/backporch clamp pulse allows DC restoration of 
the original video waveform for display or remodulation on 
an R.F. carrier, and retrieval of the color burst for color syn- 
chronization and decoding into R.G.B. components. For 
frame memory storage applications, the odd/even field lev- 
el allows identification of the appropriate field ensuring the 
correct read or write sequence. The vertical pulse output is 
particularly useful since it begins at a precise time — the ris- 
ing edge of the first vertical serration in the sync waveform. 
This means that individual lines within the vertical blanking 
period (or anywhere in the active scan line period) can easi- 
ly be extracted by counting the required number of tran- 
sitions in the composite sync waveform following the start of 
the vertical output pulse. 

The vertical blanking interval is proving popular as a means 
to transmit data which will not appear on a normal T.V. re- 
ceiver screen. Data can be inserted beginning with line 10 
(the first horizontal scan line on which the color burst ap- 
pears) through to line 21. Usually lines 10 through 13 are 
not used which leaves lines 14 through 21 for inserting sig- 
nals, which may be different from field to field. In the U.S., 
line 1 9 is normally reserved for a vertical interval reference 


signal (VI RS) and line 21 is reserved for closed caption data 
for the hearing impaired. The remaining lines are used in a 
number of ways. Lines 17 and 18 are frequently used during 
studio processing to add and delete vertical interval test 
signals (VITS) while lines 14 through 18 and line 20 can be 
used for Videotex/Teletext data. Several institutions are 
proposing to transmit financial data on line 17 and cable 
systems use the available lines in the vertical interval to 
send decoding data for descrambler terminals. 

Since the vertical output pulse from the LM1881 coincides 
with the leading edge of the first vertical serration, sixteen 
positive or negative transitions later will be the start of line 
14 in either field. At this point simple counters can be used 
to select the desired line(s) for insertion or deletion of data. 

VIDEO LINE SELECTOR 

The circuit in Figure 4 puts out a single video line according 
to the binary coded information applied to line select bits 
b0-b7. A line is selected by adding two to the desired line 
number, converting to a binary equivalent and applying the 
result to the line select inputs. The falling edge of the 
LM1881’s vertical pulse is used to load the appropriate 
number into the counters (MM74C193N) and to set a start 
count latch using two NAND gates. Composite sync tran- 
sitions are counted using the borrow out of the desired num- 
ber of counters. The final borrow out pulse is used to turn on 
the analog switch (CD4066BC) during the desired line. The 
falling edge of this signal also resets the start count latch, 
thereby terminating the counting. 

The circuit, as shown, will provide a single line output for 
each field in an interlaced video system (television) or a 
single line output in each frame for a non-interlaced video 
system (computer monitor). When a particular line in only 
one field of an interlaced video signal is desired, the odd/ 
even field index output must be used instead of the vertical 
output pulse (invert the field index output to select the odd 
field). A single counter is needed for selecting lines 3 to 14; 
two counters are needed for selecting lines 15 to 253; and 
three counters will work for up to 2046 lines. An output buff- 
er is required to drive low impedance loads. 

MULTIPLE CONTIGUOUS VIDEO LINE 
SELECTOR WITH BLACK LEVEL RESTORATION 

The circuit in Figure 5 will select a number of adjoining lines 
starting with the line selected as in the previous example. 
Additional counters can be added as described previously 
for either higher starting line numbers or an increased num- 
ber of contiguous output lines. The back porch pulse output 
of the LM1881 is used to gate the video input’s black level 
through a low pass filter (10 kft, 10 jmF) providing black level 
restoration at the video output when the output selected 
line(s) is not being gated through. 
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FIGURE 4. Video Line Selector 



FIGURE 5. Multiple Contiguous Video Line Selector With Black Level Restoration 
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National Semiconductor 


LM 1 882«54ACT /74ACT7 1 5 
LM 1 882-R*54 ACT/74 ACT7 1 5-R 
Programmable Video Sync Generator 


General Description 

The 'ACT715/LM1882 and 'ACT715-R/LM1882-R are 
20-pin TTL-input compatible devices capable of generating 
Horizontal, Vertical and Composite Sync and Blank signals 
for televisions and monitors. All pulse widths are completely 
definable by the user. The devices are capable of generat- 
ing signals for both interlaced and noninterlaced modes of 
operation. Equalization and serration pulses can be intro- 
duced into the Composite Sync signal when needed. 

Four additional signals can also be made available when 
Composite Sync or Blank are used. These signals can be 
used to generate horizontal or vertical gating pulses, cursor 
position or vertical Interrupt signal. 

These devices make no assumptions concerning the sys- 
tem architecture. Line rate and field/frame rate are all a 
function of the values programmed into the data registers, 
the status register, and the input clock frequency. 

The ’ACT715/LM1882 is mask programmed to default to a 
Clock Disable state. Bit 1 0 of the Status Register, Register 
0, defaults to a logic “0”. This facilitates (re)programming 
before operation. 

The ’ACT71 5-R/ LM1 882-R is the same as the 
’ACT715/LM1882 in all respects except that the 


’ACT71 5-R/LM1 882-R is mask programmed to default to a 
Clock Enabled state. Bit 1 0 of the Status Register defaults 
to a logic “1”. Although completely (re)programmable, the 
’ACT71 5-R/ LM1 882-R version is better suited for applica- 
tions using the default 14.31818 MHz RS-170 register val- 
ues. This feature allows power-up directly into operation, 
following a single CLEAR pulse. 

Features 

■ Maximum Input Clock Frequency > 130 MHz 

■ Interlaced and non-interlaced formats available 

■ Separate or composite horizontal and vertical Sync and 
Blank signals available 

■ Complete control of pulse width via register 
programming 

■ All inputs are TTL compatible 

■ 8 mA drive on all outputs 

■ Default RSI 70/NTSC values mask programmed into 
registers 

■ 4 KV minimum ESD immunity 

■ ’ACT71 5-R/ LM1 882-R is mask programmed to default 
to a Clock Enable state for easier start-up into 
14.31818 MHz RSI 70 timing 


Connection Diagrams 


Pin Assignment for 
DIP and SOIC 


Pin Assignment 
for LCC 


Do" 

1 

— 

20 

— V CC 

Dl- 

2 

19 

— ADDR/DATA 

d 2 — 

3 

18 

-C/HBYTE 

d 3 - 

4 

17 

-LOAD 

D4- 

5 

16 

-ODD/EVEN 

d 5 - 

6 

15 

-HSYNVDR 

d 6 — 

7 

14 

— VCSYNC 

d 7 - 

8 

13 

— HBLHDR 

CLR — 

9 

12 

— VCBLANK 

GND — 

10 

11 

-CLOCK 


TL/F/10137-1 

Order Number LM1882CN or LM1882CM 
For Default RS-170, Order Number LM1882-RCN or 
LM1882-RCM 
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Logic Block Diagram 



ODD/EVEN 

VCSYNC 

VCBLANK 

HBLHDR 

HSYNVDR 
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Pin Description 

There are a Total of 13 inputs and 5 outputs on the 
’ACT715/LM1882. 

Data Inputs D0-D7: The Data Input pins connect to the 
Address Register and the Data Input Register. 
ADDR/DATA: The ADDR/DATA signal is latched into the 
device on the falling edge of the LOAD signal. The signal 
determines if an address (0) or data (1) is present on the 
data bus. 

L/HBYTE: The L/HBYTE signal is latched into the device 
on the falling edge of the LOAD signal. The signal deter- 
mines if data will be read into the 8 LSB’s (0) or the 4 MSB’s 
(1) of the Data Registers. A 1 on this pin when an ADDR/ 
DATA is a 0 enables Auto-Load Mode. 

LOAD: The LOAD control pin loads data into the Address or 
Data Registers on the rising edge. ADDR/DATA and 
L/HBYTE data is loaded into the device on the falling edge 
of the LOAD. The LOAD pin has been implemented as a 
Schmitt trigger input for better noise immunity. 

CLOCK: System CLOCK input from which all timing is de- 
rived. The clock pin has been implemented as a Schmitt 
trigger for better noise immunity. The CLOCK and the LOAD 
signal are asynchronous and independent. Output state 
changes occur on the falling edge of CLOCK. 

CLR: The CLEAR pin is an asynchronous input that initializ- 
es the device when it is HIGH. Initialization consists of set- 
ting all registers to their mask programmed values, and ini- 
tializing all counters, comparators and registers. The 
CLEAR pin has been implemented as a Schmitt trigger for 
better noise immunity. A CLEAR pulse should be asserted 
by the user immediately after power-up to ensure proper 
initialization of the registers — even if the user plans to 
(re)program the device. 

Note: A CLEAR pulse will disable the CLOCK on the ’ACT715/LM1882 and 
will enable the CLOCK on the ’ACT715-R/LM1882-R. 


ODD/EVEN: Output that identifies if display is in odd (HIGH) 
or even (LOW) field of interlace when device is in interlaced 
mode of operation. In noninterlaced mode of operation this 
output is always HIGH. Data can be serially scanned out on 
this pin during Scan Mode. 

VCSYNC: Outputs Vertical or Composite Sync signal based 
on value of the Status Register. Equalization and Serration 
pulses will (if enabled) be output on the VCSYNC signal in 
composite mode only. 

VCBLANK: Outputs Vertical or Composite Blanking signal 
based on value of the Status Register. 

HBLHDR: Outputs Horizontal Blanking signal, Horizontal 
Gating signal or Cursor Position based on value of the 
Status Register. 

HSYNVDR: Outputs Horizontal Sync signal, Vertical Gating 
signal or Vertical Interrupt signal based on value of Status 
Register. 

Register Description 

All of the data registers are 12 bits wide. Width’s of all puls- 
es are defined by specifying the start count and end count 
of all pulses. Horizontal pulses are specified with-respect-to 
the number of clock pulses per line and vertical pulses are 
specified with-respect-to the number of lines per frame. 

REGO— STATUS REGISTER 

The Status Register controls the mode of operation, the 
signals that are output and the polarity of these outputs. The 
default value for the Status Register is 0 (000 Hex) for the 
’ACT715/LM1882 and is “512” (200 Hex) for the ’ACT715- 
R/LM1882-R. 
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Register Description (Continued) 


Bits 0-2 


B 2 

Bi 

B 0 

VCBLANK 

VCSYNC 

HBLHDR 

HSYNVDR 

0 

0 

0 

CBLANK 

CSYNC 

HGATE 

VGATE 

(DEFAULT) 





0 

0 

1 

VBLANK 

CSYNC 

HBLANK 

VGATE 

0 

1 

0 

CBLANK 

VSYNC 

HGATE 

HSYNC 

0 

1 

1 

VBLANK 

VSYNC 

HBLANK 

HSYNC 

1 

0 

0 

CBLANK 

CSYNC 

CURSOR 

VINT 

1 

0 

1 

VBLANK 

CSYNC 

HBLANK 

VINT 

1 

1 

0 

CBLANK 

VSYNC 

CURSOR 

HSYNC 

1 

1 

1 

VBLANK 

VSYNC 

HBLANK 

HSYNC 


Bits 3-4 


« 

co 

CD 

Mode of Operation 

0 0 

(DEFAULT) 

0 1 

1 0 

1 1 

Interlaced Double Serration and 
Equalization 

Non Interlaced Double Serration 

Illegal State 

Non Interlaced Single Serration 
and Equalization 


Double Equalization and Serration mode will output equali- 
zation and serration pulses at twice the HSYNC frequency 
(i.e., 2 equalization or serration pulses for every HSYNC 
pulse). Single Equalization and Serration mode will output 
an equalization or serration pulse for every HSYNC pulse. In 
Interlaced mode equalization and serration pulses will be 
output during the VBLANK period of every odd and even 
field. Interlaced Single Equalization and Serration mode is 
not possible with this part. 

Bits 5-8 

Bits 5 through 8 control the polarity of the outputs. A value 
of zero in these bit locations indicates an output pulse active 
LOW. A value of 1 indicates an active HIGH pulse. 

B5 — VCBLANK Polarity 
B6 — VCSYNC Polarity 
B7 — HBLHDR Polarity 
B8 — HSYNVDR Polarity 
Bits 9- 11 

Bits 9 through 11 enable several different features of the 
device. 

B9 — Enable Equalization/Serration Pulses (0) 

Disable Equalization/Serration Pulses (1 ) 

BIO — Disable System Clock (0) 

Enable System Clock (1) 

Default values for BIO are “0” in the ’ACT715/ 
LM1882 and “1” in the , ACT715-R/LM1882-R. 

B11 — Disable Counter Test Mode (0) 

Enable Counter Test Mode (1) 

This bit is not intended for the user but is for internal 
testing only. 


HORIZONTAL INTERVAL REGISTERS 

The Horizontal Interval Registers determine the number of 
clock cycles per line and the characteristics of the Horizon- 
tal Sync and Blank pulses. 

REG1 — Horizontal Front Porch 

REG2 — Horizontal Sync Pulse End Time 

REG3 — Horizontal Blanking Width 

REG4 — Horizontal Interval Width # of Clocks per Line 

VERTICAL INTERVAL REGISTERS 

The Vertical Interval Registers determine the number of 
lines per frame, and the characteristics of the Vertical Blank 
and Sync Pulses. 

REG 5 — Vertical Front Porch 

REG6 — Vertical Sync Pulse End Time 

REG 7 — Vertical Blanking Width 

REG8 — Vertical Interval Width # of Lines per Frame 

EQUALIZATION AND SERRATION PULSE 
SPECIFICATION REGISTERS 

These registers determine the width of equalization and ser- 
ration pulses and the vertical interval over which they occur. 
REG 9 — Equalization Pulse Width End Time 
REG 10— Serration Pulse Width End Time 
REG1 1 — Equalization/Serration Pulse Vertical 
Interval Start Time 

REG12 — Equalization/Serration Pulse Vertical 
Interval End Time 

VERTICAL INTERRUPT SPECIFICATION REGISTERS 

These Registers determine the width of the Vertical Inter- 
rupt signal if used. 

REG 13 — Vertical Interrupt Activate Time 
REG 14 — Vertical Interrupt Deactivate Time 
CURSOR LOCATION REGISTERS 
These 4 registers determine the cursor position location, or 
they generate separate Horizontal and Vertical Gating sig- 
nals. 

REG 15 — Horizontal Cursor Position Start Time 
REG 16 — Horizontal Cursor Position End Time 
REG 17 — Vertical Cursor Position Start Time 
REG 18 — Vertical Cursor Position End Time 

Signal Specification 

HORIZONTAL SYNC AND BLANK 
SPECIFICATIONS 

All horizontal signals are defined by a start and end time. 
The start and end times are specified in number of clock 
cycles per line. The start of the horizontal line is considered 
pulse 1 not 0. All values of the horizontal timing registers are 
referenced to the falling edge of the Horizontal Blank signal 
(see Figure 1 ). Since the first CLOCK edge, CLOCK #1, 
causes the first falling edge of the Horizontal Blank refer- 
ence pulse, edges referenced to this first Horizontal edge 
are n + 1 CLOCKS away, where “n” is the width of the 
timing in question. Registers 1, 2, and 3 are programmed in 
this manner. The horizontal counters start at 1 and count 
until HMAX. The value of HMAX must be divisible by 2. This 
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FIGURE 1. Horizontal Waveform Specification 


limitation is imposed because during interlace operation this 
value is internally divided by 2 in order to generate serration 
and equalization pulses at 2 x the horizontal frequency. 
Horizontal signals will change on, the falling edge of the 
CLOCK signal. Signal specifications are shown below. 


Horizontal Period (HPER) 
Horizontal Blanking Width 
Horizontal Sync Width 
Horizontal Front Porch 


REG(4) X ckper 
[REG(3) - 1] X ckper 
[REG(2) - REG(1)] X ckper 
[REG(1) - 1] x ckper 


VERTICAL SYNC AND BLANK SPECIFICATION 

All vertical signals are defined in terms of number of lines 
per frame. This is true in both interlaced and noninterlaced 
modes of operation. Care must be taken to not specify the 
Vertical Registers in terms of lines per field. Since the first 
CLOCK edge, CLOCK # 1 , causes the first falling edge of 
the Vertical Blank (first Horizontal Blank) reference pulse, 
edges referenced to this first edge are n + 1 lines away, 
where "n” is the width of the timing in question. Registers 5, 
6, and 7 are programmed in this manner. Also, in the inter- 
laced mode, vertical timing is based on half-lines. Therefore 
registers 5, 6, and 7 must contain a value twice the total 
horizontal (odd and even) plus 1 (as described above). In 
non-interlaced mode, all vertical timing is based on whole- 
lines. Register 8 is always based on whole-lines and does 
not add 1 for the first clock. The vertical counter starts at 
the value of 1 and counts until the value of VMAX. No re- 
strictions exist on the values placed in the vertical registers. 
Vertical Blank will change on the leading; edge of HBLANK. 
Vertical Sync will change on the leading edge of HSYNC. 
(See Figure 2A.) 


Vertical Frame Period (VPER) = REG(8) X hper 
Vertical Field Period (VPER/n) = REG(8) X hper/n 
Vertical Blanking Width = [REG(7) — 1] x hper/n 
Vertical Syncing Width = [REG(6) - REG(5)] x hper/n 
Vertical Front Porch = [REG(5) — 1] x hper/n 
where n = 1 for noninterlaced 
n = 2 for interlaced 

COMPOSITE SYNC AND BLANK SPECIFICATION 

Composite Sync and Blank signals are created by logically 
ANDing (ORing) the active LOW (HIGH) signals of the cor- 
responding vertical and horizontal components of these sig- 
nals. The Composite Sync signal may also include serration 
and/or equalization pulses. The Serration pulse interval oc- 
curs in place of the Vertical Sync interval. Equalization puls- 
es occur preceding and/or following the Serration pulses. 
The width and location of these pulses can be programmed 
through the registers shown below. (See Figure 2B .) 
Horizontal Equalization PW = [REG(9) - REG(I)] X ckper 
REG 9 = (HFP) + (HEQP) 
+ 1 

Horizontal Serration PW - [REG(4)/n + REG(1) - 
REG(IO)] X ckper 
REG 10 = (HFP) + (HPER/ 
2) - (HSERR) + 1 

Where n = 1 for noninterlaced single serration/equalization 
n = 2 for noninterlaced double 
serration/equalization 
n = 2 for interlaced operation 
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FIGURE 2B. Equalization/Serration Interval Programming 
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HORIZONTAL AND VERTICAL GATING SIGNALS 

Horizontal Drive and Vertical Drive outputs can be utilized 
as general purpose Gating Signals. Horizontal and Vertical 
Gating Signals are available for use when Composite Sync 
and Blank signals are selected and the value of Bit 2 of the 
Status Register is 0. The Vertical Gating signal will change 
in the same manner as that specified for the Vertical Blank. 
Horizontal Gating Signal Width = [REG(16) - REG(15)] x 
ckper 

Vertical Gating Signal Width = [REG(18) - REG(17)] X 
hper 

CURSOR POSITION AND VERTICAL INTERRUPT 

The Cursor Position and Vertical Interrupt signal are avail- 
able when Composite Sync and Blank signals are selected 


and Bit 2 of the Status Register is set to the value of 1. The 
Cursor Position generates a single pulse of n clocks wide 
during every line that the cursor is specified. The signals are 
generated by logically ORing (ANDing) the active LOW 
(HIGH) signals specified by the registers used for generat- 
ing Horizontal and Vertical Gating signals. The Vertical In- 
terrupt signal generates a pulse during the vertical interval 
specified. The Vertical Interrupt signal will change in the 
same manner as that specified for the Vertical Blanking sig- 
nal. 

Horizontal Cursor Width = [REG(16) - REG(15)] X ckper 
Vertical Cursor Width = [REG(18) - REG(17)] X hper 
Vertical Interrupt Width = [REG(14) — REG(13)] x hper 
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Addressing Logic 

The register addressing logic is composed of two blocks of 
logic. The first is the address register and counter 
(ADDRCNTR), and the second is the address decode 
(ADDRDEC). 

ADDRCNTR LOGIC 

Addresses for the data registers can be generated by one of 
two methods. Manual addressing requires that each byte of 
each register that needs to be loaded needs to be ad- 
dressed. To load both bytes of all 19 registers would require 
a total of 57 load cycles (19 address and 38 data cycles). 
Auto Addressing requires that only the initial register value 
be specified. The Auto Load sequence would require only 
39 load cycles to completely program all registers (1 ad- 
dress and 38 data cycles). In the auto load sequence the 
low order byte of the data register will be written first fol- 
lowed by the high order byte on the next load cycle. At the 


time the High Byte is written the address counter is incre- 
mented by 1 . The counter has been implemented to loop on 
the initial value loaded into the address register. For exam- 
ple: If a value of 0 was written into the address register then 
the counter would count from 0 to 18 before resetting back 
to 0. If a value of 1 5 was written into the address register 
then the counter would count from 1 5 to 1 8 before looping 
back to 1 5. If a value greater than or equal to 1 8 is placed 
into the address register the counter will continuously loop 
on this value. Auto addressing is initiated on the falling edge 
of LOAD when ADDRDATA is 0 and LHBYTE is 1. Incre- 
menting and loading of data registers will not commence 
until the falling edge of LOAD after ADDRDATA goes to 1. 
The next rising edge of LOAD will load the first byte of data. 
Auto Incrementing is disabled on the falling edge of LOAD 
after ADDRDATA and LHBYTE goes low. 


Manual Addressing Mode 


Cycle # 

Load Falling Edge 

Load Rising Edge 

1 

Enable Manual Addressing 

Load Address m 

2 

Enable Lbyte Data Load 

Load Lbyte m 

3 

Enable Hbyte Data Load 

Load Hbyte m 

4 

Enable Manual Addressing 

Load Address n 

5 

Enable Lbyte Data Load 

Load Lbyte n 

6 

Enable Hbyte Data Load 

Load Hbyte n 



ADDR/DATA ”\ 







/~ 

L/HBYTE \ 


/ 




/ — 
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Auto Addressing Mode 


Cycle # 

Load Falling Edge 

Load Rising Edge 

1 

Enable Auto Addressing 

Load Start Address n 

2 

Enable Lbyte Data Load 

Load Lbyte (n) 

3 

Enable Hbyte Data Load 

Load Hbyte (n); Inc Counter 

4 

Enable Lbyte Data Load 

Load Lbyte (n + 1 ) 

5 

Enable Hbyte Data Load 

Load Hbyte (n + 1); Inc Counter 

6 

Enable Manual Addressing 

Load Address 


D7-D0 

Enable 

Auto 

Mode 

IZX 

LOAD 


ADDR/DATA 


C/HBYTE 

/ 


Addr 

Lbyte 

Hbyte 

Lbyte 

Hbyte 

Addr 

REG (n) 

(n) 

(n) 

( n+ 1) 

(n+D 

REG (m) 



y 
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Addressing Logic (Continued) 


ADDRDEC LOGIC 

The ADDRDEC logic decodes the current address and gen- 
erates the enable signal for the appropriate register. The 
enable values for the registers and counters change on the 
falling edge of LOAD. Two types of ADDRDEC logic is en- 
abled by 2 pair of addresses, Addresses 22 or 54 (Vectored 
Restart logic) and Addresses 23 or 55 (Vectored Clear log- 
ic). Loading these addresses will enable the appropriate log- 
ic and put the part into either a Restart (all counter registers 
are reinitialized with preprogrammed data) or Clear (all reg- 
isters are cleared to zero) state. Reloading the same 
ADDRDEC address will not cause any change in the state of 
the part. The outputs during these states are frozen and the 
internal CLOCK is disabled. Clocking the part during a Vec- 
tored Restart or Vectored Clear state will have no effect on 
the part. To resume operation in the new state, or disable 
the Vectored Restart or Vectored Clear state, another non- 
ADDRDEC address must be loaded. Operation will begin in 
the new state on the rising edge of the non-ADDRDEC load 
pulse. It is recommended that an unused address be loaded 
following an ADDRDEC operation to prevent data registers 
from accidentally being corrupted. The following Addresses 
are used by the device. 

Address 0 Status Register REGO 
Address 1 — 18 Data Registers REG1-REG18 
Address 19-21 Unused 

Address 22/54 Restart Vector (Restarts Device) 

Address 23/55 Clear Vector (Zeros All Registers) 

Address 24-31 Unused 
Address 32-50 Register Scan Addresses 
Address 51-53 Counter Scan Addresses 
Address 56-63 Unused 

At any given time only one register at most is selected. It is 
possible to have no registers selected. 

VECTORED RESTART ADDRESS 

The function of addresses 22 (16H) or 54 (36H) are similar 
to that of the CLR pin except that the preprogramming of 
the registers is not affected. It is recommended but not re- 
quired that this address is read after the initial device config- 
uration load sequence. A 1 on the ADDRDATA pin (Auto 
Addressing Mode) will not cause this address to automati- 
cally increment. The address will loop back onto itself re- 
gardless of the state of ADDRDATA unless the address on 
the Data inputs has been changed with ADDRDATA at 0. 

VECTORED CLEAR ADDRESS 

Addresses 23 (17H) or 55 (37H) is used to clear all registers 
to zero simultaneously. This function may be desirable to 
use prior to loading new data into the Data or Status Regis- 
ters. This address is read into the device in a similar fashion 
as all of the other registers. A 1 on the ADDRDATA pin 
(Auto Addressing Mode) will not cause this address to auto- 
matically increment. The address will loop back onto itself 
regardless of the state of ADDRDATA unless the address 
on the Data inputs has been changed with ADDRDATA at 0. 



** DUMMY address cannot be ADDRDEC Address 
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FIGURE 3. ADDRDEC Timing 


GEN LOCKING 

The ’ACT715/LM1882 and ’ACT715-R/LM1882-R is de- 
signed for master SYNC and BLANK signal generation. 
However, the devices can be synchronized (slaved) to an 
external timing signal in a limited sense. Using Vectored 
Restart, the user can reset the counting sequence to a giv- 
en location, the beginning, at a given time, the rising edge of 
the LOAD that removes Vector Restart. At this time the next 
CLOCK pulse will be CLOCK 1 and the count will restart at 
the beginning of the first odd line. 

Preconditioning the part during normal operation, before the 
desired synchronizing pulse, is necesasry. However, since 
LOAD and CLOCK are asynchronous and independent, this 
is possible without interruption or data and performance cor- 
ruption. If the defaulted 14.31818 MHz RS-170 values are 
being used, preconditioning and restarting can be minimized 
by using the CLEAR pulse instead of the Vectored Restart 
operation. The ’ACT715-R/LM1882-R is better suited for 
this application because it eliminates the need to program a 
1 into Bit 10 of the Status Register to enable the CLOCK. 
Gen Locking to another count location other than the very 
beginning or separate horizontal/vertical resetting is not 
possible with the 'ACT715/LM1882 nor the ’ACT715-R/ 
LM1882-R. 

SCAN MODE LOGIC 

A scan mode is available in the ACT715/LM1882 that al- 
lows the user to non-destructively verify the contents of the 
registers. Scan mode is invoked through reading a scan ad- 
dress into the address register. The scan address of a given 
register is defined by the Data register address + 32. The 
internal Clocking signal is disabled when a scan address is 
read. Disabling the clock freezes the device in it’s present 
state. Data can then be serially scanned out of the data 
registers through the ODD/EVEN Pin. The LSB will be 
scanned out first. Since each register is 12 bits wide, com- 
pletely scanning out data of the addressed register will re- 
quire 12 CLOCK pulses. More than 12 CLOCK pulses on the 
same register will only cause the MSB to repeat on the out- 
put. Re-scanning the same register will require that register 
to be reloaded. The value of the two horizontal counters and 
1 vertical counter can also be scanned out by using address 
numbers 51-53. Note that before the part will scan out the 
data, the LOAD signal must be brought back HIGH. 




2-209 


LM1882*LM1882-R*54ACT/74ACT715*54ACT/74ACT715-R 





LM 1 882* LM 1 882-R • 54 ACT/74 ACT7 1 5* 54 ACT/7 4 ACT7 1 5-R 


Addressing Logic (Continued) 

Normal devipe operation can be resumed by loading in a 
non-scan address. As the scanning of the registers is a non- 
destructive scan, the device will resume correct operation 
from the point at which it was halted. 

RSI 70 Default Register Values 

The tables below show the values programmed for the 
RSI 70 Format (using a 14.31818 MHz clock signal) and 
how they compare against the actual EIA RSI 70 Specifica- 
tions. The default signals that will be output are CSYNC, 
CBLANK, HDRIVE and VDRIVE. The device initially starts at 
the beginning of the odd field of interlace. All signals have 
active low pulses and the clock is disabled at power up. 
Registers 13 and 14 are not involved in the actual signal 
information. If the Vertical Interrupt was selected so that a 
pulse indicating the active lines would be output. 


RSI 70 Horizontal Data 


Signal 

Width 

JUS 

%H 

Specification (/xs) 

HFP 

22 Clocks 

1.536 


1.5 ±0.1 

HSYNC Width 

68 Clocks 

4.749 

7.47 

4.7 ±0.1 

HBLANK Width 

1 56 Clocks 

10.895 

17.15 

10.9 ±0,2 

HDRIVE Width 

91 Clocks 

6.356 

10.00 

0.1 H ± 0 0p5H 

HEQP Width 

34 Clocks 

2.375 

3.74 

2.3 ±0.1 

HSERR Width 

68 Clocks 

4.749 

7.47 

4.7 ±0.1 

HPER iod 

910 Clocks 

63.556 

100 .. 



RSI 70 Vertical Data 


VFP 

3 Lines 

190.67 


6 EQP Pulses 

VSYNC Width 

3 Lines 

190.67 


6 Serration Pulses 

VBLANK Width 

20 Lines 

1271.12 

7.62 

0.075V ± 0.005V 

VDRIVE Width 

11.0 Lines 

699.12 

4.20 

0.04V ± 0.006V 

VEQP Intrvl 

9 Lines 


3.63 

9 Lines/Field 

VPERiod (field) 

262.5 Lines 

16.683 ms 


16.683 ms/Field 

VPERiod (frame) 

525 Lines 

33.367. ms 


33.367 ms/Frame 


Reg 

D Value H 

Register Description 

REG0 

0 

000 

Status Register (71 5/LM1882) 

REG0 

1024 

400 

Status Register (715-R/LM1882-R) 

REG1 

23 

017 

HFP End Time 

REG2 

91 

05B 

HSYNC Pulse End Time 

REG3 

157 

09D 

HBLANK Pulse End Time 

REG4 

910 

38E 

Total Horizontal Clocks 

REG5 

7 

007 

VFP End Time 

REG6 

13 

00D 

VSYNC Pulse End Time 

REG7 

41 

029 

VBLANK Pulse End Time 

REG8 

525 

20D 

Total Vertical Lines 

REG9 

57 

039 

Equalization Pulse End Time 

REG10 

410 

19A 

Serration Pulse Start Time 

REG11 

1 

001 

Pulse Interval Start Time 

REG12 

19 

013 

Pulse Interval End Time 

REG13 

41 

029 

Vertical Interrupt Activate Time 

REG14 

526 

20E 

Vertical Interrupt Deactivate Time 

REG15 

911 

38F 

Horizontal Drive Start Time 

REG16 

92 

05C 

Horizontal Drive End Time 

REG17 i 

1 

001 

Vertical Drive Start Time 

REG18 

21 

015 

Vertical Drive End Time 


Rate Period 

Input Clock 14.31818 MHz 69.841 ns 

Line Rate 1 5.73426 kHz 63.556 juls 

Field Rate 59.94 Hz 1 6.683 ms 

Frame Rate 29.97 Hz 33.367 ms 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc) - 0.5V to + 7.0V 


DC Input Diode Current (Ijk) 

V| = -0.5 V 
V| = V C c +0.5V 
DC Input Voltage (V|) 

DC Output Diode Current (Iok) 
V 0 = -0.5V 
Vo = Vcc +0.5V 
DC Output Voltage (Vq) 

DC Output Source 
or Sink Current (Iq) 

DC Vcc or Ground Current 
per Output Pin (l C c or Iqnd) 
Storage Temperature (Tstg) 


-20 mA 
+ 20 mA 
-0.5V to V C c +0.5V 


-20 mA 
+ 20 mA 
-0.5 V to V CC +0.5V 


±15 mA 

±20 mA 
— 65°C to + 1 50°C 


Junction Temperature (Tj) 

Ceramic 175°C 

Plastic 1 40°C 

Note 1: Absolute maximum ratings are those values beyond which damage 
to the device may occur. The databook specifications should be met, without 
exception, to ensure that the system design is reliable over its power supply, 
temperature and output/input loading variables. National does not recom- 
mend operation of FACT™ circuits outside databook specifications. 

Recommended Operating 
Conditions 

Supply Voltage (Vcc) 4.5V to 5.5V 

Input Voltage (V { ) 0V to Vcc 

Output Voltage (Vq) 0V to Vcc 

Operating Temperature (T A ) 

74 ACT — 40°C to +85°C 

54ACT — 55°C to +125°C 

Minimum Input Edge Rate (AV/At) 

V| N from 0.8V to 2.0V 

Vcc @ 4.5V, 5.5V 1 25 mV/ns 


DC Characteristics For ’ACT Family Devices over Operating Temperature Range (unless otherwise specified) 





ACT/LM1882 

54ACT/LM1882 

74ACT/LM1882 



Symbol 

Parameter 

Vcc 

(V) 

t a = 

Cl = 

+ 25°C 

50 pF 

T A = — 55°C 
to +125°C 

C L = 50 pF 

T a = — 40°C 
to +85°C 

Units 

Conditions 




Typ 

Guaranteed Limits 



VoH 

Minimum High Level 

4.5 

4.49 

4.4 

4.4 

4.4 

V 

•out = -50 /xA 


Output Voltage 

5.5 

5.49 

5.4 

5.4 

5.4 

V 




4.5 


3.86 

3.7 

3.76 

V 

*V, N = V| L /V, H 



5.5 


4.86 

4.7 

4.76 

V 

Iqh = -8 nnA 

V OL 

Maximum Low Level 

4.5 

0.001 

0.1 

0.1 

0.1 

V 

•OUT = 50 juA 


Output Voltage 

5.5 

0.001 

0.1 

0.1 

0.1 

V 




4.5 


0.36 

0.5 

0.44 

V 

*V,N = V (L /V,h 



5.5 


0.36 

0.5 

0.44 

V 

Iqh = +8 mA 

•old 

Minimum Dynamic 
Output Current 

5.5 



32.0 

32.0 

mA 

V 0 LD = 1-65V 

•OHD 

Minimum Dynamic 
Output Current 




-32.0 

-32.0 

EH 

Vqhd = 3.85V 

•in 

Maximum Input 
Leakage Current 

5.5 



±1.0 

±1.0 


V| = Vcc, GND 

•cc 

Supply Current 
Quiescent 

5.5 




80 


V| N = Vcc, gnd 

•CCT 

Maximum lcc /ln P ut 

5.5 

0.6 


1.6 

1.5 

mA 

V||sj = Vcc ~ 2.1V 


*AII outputs loaded; thresholds on input associated with input under test. 
Note 1: Test Load 50 pF, 500ft to Ground. 
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AC Electrical Characteristics 


Symbol 

Parameter 

V C c 

(V) 

ACT/LM1882 

54ACT/LM1882 

74ACT/LM1882 


T a = +25°C 

C L = 50 pF 

T A = — 55°C 
to +125°C 

C L = 50 pF 

T A = -40°C 
to +85°C 

C L = 50 pF 

Min Typ Max 

Min Max 

Min Max 

fMAXI 

Interlaced fMAX 
(HMAX/2 is ODD) 

5.0 

170 190 

130 

150 


f MAX 

Non-Interlaced fMAX 
(HMAX/2 is EVEN) 

5.0 

190 220 

145 

175 

MHz 

tpLHI 

tPHLI 

Clock to Any Output 

5.0 

4.0 13.0 15.5 

3.5 19.5 

3.5 18.5 

ns 

*PLH2 

tpHL2 

Clock to ODDEVEN 
(Scan Mode) 

5.0 

4.5 15.0 17.0 

3.5 22.0 

3.5 20.5 

ns 

tpLH3 

Load to Outputs 

5.0 

4.0 11.5 16.0 

3.0 20.0 

3.0 19.5 

ns 


AC Operating Requirements 





ACT/LM1882 

54ACT/LM1882 

74ACT/LM1882 


Symbol 

Parameter 

Vcc 

(V) 

Ta = 

+ 25°C 

T a = — 55°C 
to + 125°C 

T A = -40’C 
to +85°C 

Units 




Typ 


Guaranteed Minimums 


fsc 

Control Setup Time 
ADDR/DATAto LOAD- 

5.0 

3.0 

4.0 

4.5 

4.5 

ns 

tsc 

L/HBYTE to LOAD- 

3.0 

4.0 

4.5 

4.5 

ns 

tsd 

Data Setup Time 

D7 - DO to LO AD + 

5.0 

2.0 

4.0 

4.5 

4.5 

ns 

the 

Control Hold Time 

LOAD- toADDR/DATA 

5.0 

0 

1.0 

1.0 

1.0 

ns 


LOAD- to L/HBYTE 

0 

1.0 

1.0 

1.0 

ns 

thd 

Data Hold Time 

LOAD+ to D7-D0 

5.0 

1.0 

2.0 

2.0 

2.0 

ns 

tree 

LOAD+ to CLK (Note 1) 

5.0 

5.5 

7.0 

8.0 

8.0 

ns 

twld- 

Load Pulse Width 

LOW 

5.0 

3.0 


5.5 

5.5 

ns 

twld + 

HIGH 

5.0 

3.0 


7.5 

7.5 

ns 

twclr 

CLR Pulse Width HIGH 

5.0 

5.5 

6.5 

9.5 

9.5 

ns 

twek 

CLOCK Pulse Width 
(HIGH or LOW) 

5.0 

2.5 

3.0 

4.0 

3.5 

ns 


Note 1: Removal of Vectored Reset or Restart to Clock. 


Capacitance 


Symbol 

Parameter 

Typ 

Units 

Conditions 

C|N 

Input Capacitance 

7.0 

PF 

Vcc = 5.0V 

CpD 

Power Dissipation 
Capacitance 

17.0 

PF 

V CC = 5.0V 
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AC Operating Requirements (Continued) 
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FIGURE 4. AC Specifications 
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Additional Applications Information 

POWERING UP 

The ’ACT715/LM1882 default value for Bit 10 of the Status 
Register is 0. This means that when the CLEAR pulse is 
applied and the registers are initialized by loading the de- 
fault values the CLOCK is disabled. Before operation can 
begin, Bit 10 must be changed to a 1 to enable CLOCK. If 
the default values are needed (no other programming is re- 
quired) then Figure 5 illustrates a hardwired solution to facili- 
tate the enabling of the CLOCK after power-up. Should con- 
trol signals be difficult to obtain, Figure 6 illustrates a possi- 
ble solution to automatically enable the CLOCK upon pow- 
er-up. Use of the ’ACT715-R/LM1882-R eliminates the 
need for most of this circuitry. Modifications of the Figure 6 
circuit can be made to obtain the lone CLEAR pulse still 
needed upon power-up. 

Note that, although during a Vectored Restart none of the 
preprogrammed registers are affected, some signals are af- 
fected for the duration of one frame only. These signals are 
the Horizontal and Vertical Drive signals. After a Vectored 
Restart the beginning of these signals will occur at the first 
CLK. The end of the signals will occur as programmed. At 
the completion of the first frame, the signals will resume to 
their programmed start and end time. 


PREPROGRAMMING “ON-THE-FLY” 

Although the ’ACT715/LM1882 and ’ACT715-R/LM1882-R 
are completely programmable, certain limitations must be 
set as to when and how the parts can be reprogrammed. 
Care must be taken when reprogramming any End Time 
registers to a new value that is lower than the current value. 
Should the reprogramming occur when the counters are at a 
count after the new value but before the old value, then the 
counters will continue to count up to 4096 before rolling 
over. 

For this reason one of the following two precautions are 
recommended when reprogramming “on-the-fly”. The first 
recommendation is to reprogram horizontal values during 
the horizontal blank interval only and/or vertical values dur- 
ing the vertical blank interval only. Since this would require 
delicate timing requirements the second recommendation 
may be more appropriate. 

The second recommendation is to program a Vectored Re- 
start as the final step of reprogramming. This will ensure 
that all registers are set to the newly programmed values 
and that all counters restart at the first CLK position. This 
will avoid overrunning the counter end times and will main- 
tain the video integrity. 
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4 A 17 

5 C 16 

6 7 15 

7 1 14 
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10 11 
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ADDR/DATA 

I/H BYTE 

LOAD INPUT 

ODDEVEN 

VDRIVE 

CSYNC 

HDRIVE 

CBLANK 

CLOCK 


FIGURE 5. Default RSI 70 Hardwire Configuration 


TL/F/10137-10 
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Additional Applications Information (Continued) 



Note: A 74HC221A may be substituted for the 74HC423A Pin 6 and Pin 14 must be hardwired to GND 

Components 

R1: 4.7k Cl: 10 ju,F 

R2: 10k C2: 50 pF 

FIGURE 6. Circuit for Clear and Load Pulse Generation 


TL/F/10137-1 1 
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National Semiconductor 


LM2889 TV Video Modulator 

General Description 

The LM2889 is designed to interface audio and video sig- 
nals to the antenna terminals of a TV receiver. It consists of 
a sound subcarrier oscillator and FM modulator, video 
clamp, and RF oscillators and modulators for two low-VHF 
channels. 

The LM2889 allows video information from VTRs, video disk 
systems, games, test equipment, or similar sources to be 
displayed on black and white or color TV receivers. 


Features 

■ Pin for pin compatible with LM1889 RF section 

■ Low distortion FM sound modulator (less than 1% 
THD) 

■ Video clamp for AC-coupled video 

■ Low sound oscillator harmonic levels 

■ 10V to 16V supply operation 

■ DC channel switching 

■ Excellent oscillator stability 

■ Low intermodulation products 


Block and Connection Diagrams (Dual-ln-Line Package) 



Order Number LM2889N 
See NS Package Number N14A 


TOP VIEW 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 1 8 Vdc 

Power Dissipation Package (Note 1 ) 700 mW 

Operating Temperature Range 0°C to + 70°C 


Storage T emperature Range - 55°C to + 1 50°C 

(VI 4- VI 3) Max ±5V DC 

(VI 2- V8) Max 7V DC 

(V12-V9) Max 7V DC 

Lead T emperature (Soldering, 1 0 seconds) 260°C 


DC Electrical Characteristics 

(DC test circuit, all switches normally pos. 1, Vs = 12V, Va = 2 V, Vb=Vc=10V) 


Supply Current Is 
Sound Oscillator Current AI-13 
Sound Oscillator Zener Current I13 
Sound Modulator Audio Current AI-13 

Video Clamp Voltage V2 
Unloaded 
Loaded 


Video Clamp Capacitor Discharge 
Current (V S -V2)/1Q5 

Ch. A Oscillator OFF Voltage, V6, V7 
Ch. A Oscillator Current Level I7 
Ch. B Oscillator OFF Voltage V4, V5 
Ch. B Oscillator Current Level I4 

Ch. A Modulator Conversion Ratio 
AV9/(V11-V10) 

Ch. B Modulator Conversion Ratio 
AV8/(V11-V10) 


Conditions 


Change Va from -2V to + 2 V 


Change SW2 from Pos. 1 to Pos. 2 


SW1 Pos. 2 

V B = 10V, V C =11V 

SW1 Pos. 2, V B =10V, Vc=11V 

Measure AV9 by Changing from 
V B = 10V, V C =11V, to V B = 1 1 V, 
Vc=10V; Divide by VII -VI 0 

SW1 Pos. 2, Measure AV8 by 
Changing from V B = 1 0V, Vq = 1 1 V, 
to V B = 1 1 V, Vq = 1 0V; Divide by 
V11-V10 


AC Electrical Characteristics <ac test circuit, v s =i 2 v> 


Sound Carrier Oscillator Level (VI 3) 


Sound Modulator Deviation 


Ch. 3 RF Oscillator Level v6, v7 
Ch. 4 RF Oscillator Level, v4, v5, 



0.75 V/V 


Conditions 


Af/AV||si, SW1 Pos. 2, Change V| N from 1.4V 
to 1.0V, Measure Af at Pin 13, Divide as Shown 

Ch. Sw. Pos. 3, f = 61.25 MHz, Use FET Probe 
Ch. Sw. Pos. 4, f = 67.25 MHz, Use FET Probe 


Min Typ Max 



RF Modulator Conversion Gain vqut/(V10-V11) | Ch. Sw. Pos. 3, f = 61.25 MHz. (Note 2) | | 10 | | mVrmsA 

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and a thermal resistance 
of 80°C/W junction to ambient. 

Note 2: Conversion gain shown is measured with 75ft input RF meter which makes the AC RF output load 37.5ft. 
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Design Characteristics <ac test circuit, v s =i2v) 


Parameter 

Typ 

Units 

Sound Modulator Audio THD at ±25 kHz Deviation, V|n must be 1 kHz Source, 
Demodulate as Shown in Figure 1 

0.8 

% 

Sound Modulator Input Impedance (Pin 1) 

1.5 

kn 

Sound Modulator Bandwidth 

100 

kHz 

Oscillator Supply Dependence, Sound Carrier, RF 

See Curves 


Oscillator Temperature Dependence (1C Only) 



Sound Carrier 

-15 

ppm/°C 

RF 

-50 

ppm/°C 

RF Oscillator Maximum Operating Frequency (Temperature Stability Degraded) 

100 

MHz 

RF Modulator 



Carrier Suppression (Adjust Video Bias for Minimum RF Carrier at vqut 
and Reference to vqut with 3V Offset at Pins 1 0 and 1 1 , See Applications 
Information, RF Modulation Section) 

30 

dB 

3.58 MHz Differential Gain 

5 

% 

Differential Phase 

2.5V Vp-p Video, 87.5% Mod 

3 

degrees 

Output Harmonics below RF Carrier 



2nd, 3rd 

-12 

dB 

4th and Above 

-20 

dB 

Input Impedance, Pin 10, Pin 1 1 

1 MH//2 pF 



AC Test Circuit 



TL/H/5079-2 
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LM2889 


Test Circuit 




Typical Performance Characteristics (Refer to AC test circuit unless noted) 


Sound Carrier Oscillator 



SUPPLY VOLTAGE (V) 


RF Modulator Common- 
Mode Input Range 
Pins 10, 11 (Circuit 



10 11 12 13 14 15 16 17 18 
SUPPLY VOLTAGE (V) 


RF Oscillator Frequency 
Supply Dependence 



10 11 12 13 14 15 16 17 18 


SUPPLY VOLTAGE (V) 


FM Sound Modulator 
Dynamic Characteristics 
(fMOD =1 kHz) 



0 20 40 60 80 100 120 140 160 
AUDIO INPUT, PIN 1 (mVrms) 


TL/H/5079-4 
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Circuit Description (Refer to Circuit Diagrams) 
The sound carrier oscillator is formed by differential amplifi- 
er Q3, Q4 operated with positive feedback from the pin 13 
tank to the base of Q4. Frequency modulation is obtained 
by varying the 90 degree phase shifted current of Q9. Q14’s 
emitter is a virtual ground, so the voltage at pin 1 deter- 
mines the current R11, which ultimately modulates the col- 
lector current of Q9. 

The video clamp is comprised of devices Q58-Q60. The 
clamp voltage is set by resistors R40, R41, R49, and R50. 
The AVbe/R 42 current sets the capacitor discharge cur- 
rent. Q59 and the above mentioned resistor string help 
maintain a temperature stable clamp voltage. 

The channel B oscillator consists of devices Q24 and Q25 
cross-coupled through level-shift zener diodes Q22 and 
Q23. A current regulator consisting of devices Q17-Q21 is 
used to achieve good RF stability over temperature and 


supply. The channel B modulator consists of multiplier de- 
vices Q28-Q31, Q34 and Q35. The top quad is coupled to 
the channel B tank through isolating devices Q26 and Q27. 
A DC potential between pins 1 0 and 1 1 offsets the lower 
pair to produce an output RF carrier at pin 8. That carrier is 
then modulated by both the sound subcarrier at pin 1 0 and 
the composite video signal at pin 1 1 . The channel A modu- 
lator shares pin 1 0 and 1 1 buffers, Q32 and Q33, with chan- 
nel B and operates in an identical manner. 

The current flowing through channel B oscillator diodes 
Q22, Q23 is turned around in Q36-Q38 to source current 
for the channel B RF modulator. In the same manner, the 
channel A oscillator Q54-Q57 uses turn-around Q49-Q51 
to source the channel A modulator. One oscillator at a time 
may be activated by its current turn-around, and the other 
oscillator/modulator combination remains off. 


Circuit Diagrams 


SOUND SOUND 

TANK SUPPLY 



TL/H/5079-5 
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Applications Information 

SOUND FM MODULATOR 

Frequency deviation is determined by the Q of the tank cir- 
cuit at pin 13 and the current entering the audio input, pin 1 . 
This current is set by the input voltage Vin, the device input 
impedance (1.5 kft), and any impedance network connect- 
ed externally. A signal of 60 mVrms at pin 1 will yield about 
±25 kHz deviation when configured as shown in Figure 2. 

VIDEO CLAMP 

When video is not available at DC levels within the RF mod- 
ulator common-mode range, or if the DC level of the video is 
not temperature stable, then it should be AC-coupled as 
shown in the typical applications circuit (Figure 2). The 
clamp holds the horizontal sync pulses at 5.2V for Vs = 1 2 V. 
The clamp coupling capacitor is charged during every sync 
pulse and discharged when video information is present. 
The discharge current is approximately 20 juA This current 
and the amount of acceptable tilt over a line of video deter- 
mines the value of the coupling capacitor Cl . For most ap- 
plications 1 juF is sufficient. 


Typical Application 


RF MODULATION 

Two RF channels are available, with carrier frequencies up 
to 100 MHz being determined by L-C tank circuits at pins 
4/ 5 and 6/7. The signal inputs (pins 10 and 11) are com- 
mon to both modulators, but removing the power supply 
from an RF oscillator will also disable that modulator. 

The offset between the two signal pins determines the level 
of the RF carrier output. To preserve the DC content of the 
video signal, amplitude modulation of the RF carrier is done 
in one direction only, with increasing video (toward peak 
white) decreasing the carrier level. This means the active 
composite video signal at pin 1 1 must be offset with respect 
to pin 10 and the sync pulse should produce the largest 
offset. 

The largest video signal (peak white) should not be able to 
suppress the carrier completely, particularly if sound trans- 
mission is needed. This requires that pin 10 be biased 
above the largest expected video signal. Because peak 
white level is often difficult to define, a good rule to follow is 
to bias pin 10 at a level which is four times the sync ampli- 
tude above the sync tip level at pin 1 1 . For example, the DC 
bias at pin 10 with 0.5 V sync clamped to 5.2 V on pin 11, 
should be 5.2 + (4X0.5) = 7.2V. 
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FIGURE 2. Two Channel Video Modulator with FM Sound 
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Applications Information (Continued) 

When the signal inputs are exactly balanced, ideally there is 
no RF carrier at the output. Circuit board layout is critical to 
this measurement. For optimum performance, the output 
and supply decoupling circuitry should be configured as 
shown in Figure 3. 



TL/H/5079-8 

RF decouple supply directly to output ground. 

FIGURE 3. Correct RF Supply Decoupling 

The video clamp level is derived from a resistive divider con- 
nected to supply (Vs). To maintain good supply rejection, 
pin 10, which is biased externally, should also be referenced 
to supply (see Figure 2). 

Pin Description (Refer to Figure 2) 

Pin 1 — Audio Input: Pin 1 is the audio input to the sound 
FM generator. Frequency deviation is proportional to the 
signal at this pin. A pre-emphasis network comprised of R1, 
C 2, and the device input impedance yields the following re- 
sponse with an 80 mVrms audio input. 



200 2k 20k 

AUDIO INPUT FREQUENCY (Hz) 

TL/H/5079-9 

Increasing R1 lowers the boost frequency, and decreases 
deviation below the boost frequency. Increasing C2 only 
lowers the boost frequency. Cl is a coupling capacitor, and 
must be a low impedance compared to the sum of R1 and 
the device input impedance (1 .5 k fl). 


Pin 2— Video Clamp: The video, clamp restores the DC 
component to AC-coupled video. The video is AC-coupled 
to the clamp via C3. Decreasing C3 will cause a larger tilt 
between vertical sync pulses in the clamped video wave- 
form. 

Pin 3 — Ground: Although separate on the chip level, all 
ground terminate at pin 3. 

Pins 4/5— Channel 4 Oscillator: Pins 4 and 5 are the col- 
lector outputs of the channel 4 oscillator. LI and C 5 set the 
oscillator frequency defined by fo=0.159/l/L1C5. Increas- 
ing LI will decrease the oscillator frequency while decreas- 
ing LI will increase the oscillator frequency. Decreasing C5 
will increase the oscillator frequency and lower the tank Q 
causing possible drift problems. R2 and R3 are the oscillator 
loads which determine the oscillator amplitude and the tank 
Q. Increasing these resistors increases the Q and the oscil- 
lator amplitude, possibly overdriving the RF modulator, 
which will increase output RF harmonics. Decreasing R2 
and R3 reduces the tank Q and may cause increased drift. 
C4 is an RF decoupling capacitor. Increasing C4 may result 
in less effective decoupling at RF. Decreasing C4 may intro- 
duce RF to supply coupling. 

Pins 6/7 — Channel 3 Oscillator; Pins 6 and 7 are the chan- 
nel 3 oscillator outputs. Every component at these pins has 
the same purpose and effect as those at pins 4 and 5. 

Pin 8— Channel 4 RF Output: Pin 8 is the channel 4 RF 
output and R13 is the load resistor. The RF signal is AC 
coupled via Cl 5 to the output filter which is a two channel 
VSB filter. L5 is parallel resonant with the filter input capaci- 
tance minimizing loss in the output network. R14 terminated 
the filter output. 

Pin 9 — Channel 3 RF Output: Pin 9 is the channel 3 RF 
output with all components performing the same functions 
as those in the pin 8 description. 

Pin 10 — RF Modulator Sound Subcarrier Input: Pin 10 is 

one of the RF modulator inputs and may be used for video 
or sound. It is used as a sound subcarrier input in Figure 2. 
R8, R9, and R10 set the DC bias on this pin which deter- 
mines the modulation depth of the RF output (see Applica- 
tion Notes). R12 and C1T AC-couple the sound subcarrier 
from the sound modulator to the RF modulator. R12 and 
R11 form a resistive divider that determines the level of 
sound at pin 10, which in turn sets the picture carrier to 
sound subcarrier ratio. Increasing the ratio of R11/R12 will 
increase the sound subcarrier at the output. CIO forms an 
AC ground, preventing R8, R9, and R10 from having any 
effects on the circuit other than setting the DC potential at 
pin 10. R11 and R12 also effect the FM sound modulator 
(see pin 1 3 description). 
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Pin Description (Continued) 

Pin 11 — Video Input: Pin 1 1, when configured as shown, is 
the RF modulator video input. In this application, video is 
coupled directly from the video clamp. Alternatively, video 
could be DC-coupled directly to pin 11 if it is already within 
the DC common-mode input range of the RF modulator (see 
curves). In any case, the video sync tip at pin 1 1 must have 
a constant DC level independent of video content. Because 
of circuit symmetry, pins 1 0 and 1 1 may be interchanged. 
Pin 12 — RF Supply: Pin 12 is the RF supply, with Cl 2 and 
C7 serving as RF decouple capacitors. Increasing Cl 2 or 
C7 may result in less effective RF decoupling, while de- 
creasing them may cause supply interaction. It is important 
that C7 be grounded at the RF output ground. 

Pin 13— Sound Tank: Pin 13 is the collector output of the 
sound oscillator. L3 and Cl 3 determine the os cillating fre- 
quency by the relationship fo=0.159/v / L3C13. Increasing 
L3 or Cl 3 will lower the operating frequency, while decreas- 
ing them will raise the frequency. L3 and C13 also help 
define the Q of the tank, on which FM modulator de- 
viation level depends. As Cl 3 increases, Q increases, and 
frequency deviation decreases. Likewise, decreasing Cl 3 
increases deviation. The other factor concerning Q is the 


external resistance across the tank. The series combination 
R11+R12 usually dominates the tank Q. Decreasing this 
resistive network will decrease Q and increase deviation. It 
should be noted that because the level of phase modulation 
of the 4.5 MHz signal remains constant, variation in Q will 
not effect distortion of the frequency modulation process if 
the audio at pin 1 is left constant. The amplitude of the 
sound subcarrier is directly proportional to Q, so increasing 
the unloaded Q or either of the resistors mentioned above 
will increase the sound subcarrier amplitude. For proper op- 
eration of the frequency modulator, the sound subcarrier 
amplitude should be greater than 2 Vp-p. 

Pin 14 — Sound Supply: Pin 14 is the sound supply and Cl 4 
is an RF decouple capacitor. Decreasing Cl 4 may result in 
increased supply interaction. 

Printed Circuit Layout 

Printed circuit board layout is critical in preventing RF feed- 
through. The location of RF bypass capacitors on supply is 
very important. Figure 4 shows an example of a properly 
layed out circuit board. It is recommended that this layout be 
used. 


V-LI , I , 



FIGURE 4. Printed Circuit Board and Component Diagram 
(Component Side IX) 
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N a t i on a l 


Semiconductor 



LM6104 

Quad Gray Scale Current Feedback Amplifier 


General Description 

The LM6104 quad amplifier meets the requirements of bat- 
tery operated liquid crystal displays by providing high speed 
while maintaining low power consumption. 

Combining this high speed with high integration, the 
LM6104 conserves valuable board space in portable sys- 
tems with a cost effective, surface mount quad package. 
Built on National’s advanced high speed VIP™ (Vertically 
Integrated PNP) process, the LM6104 current feedback ar- 
chitecture is easily compensated for speed and loading con- 
ditions. These features make the LM6104 ideal for buffering 
grey levels in liquid crystal displays. 


Features (Typical unless otherwise noted) 

■ Low power Is = 875 juA/amplifier 

■ Slew rate 100 V//as 

■ — 3dB bandwidth (R F = 1 kft) 30 MHz 

■ High output drive ±5V into 100n 

■ Wide operating range Vs = 5V to ± 1 2V 

■ High integration Quad surface mount 

Applications 

■ Grey level buffer for liquid crystal displays 

■ Column buffer for portable LCDs 

■ Video distribution amplifiers, video line drivers 

■ Hand-held, high speed signal conditioning 


Typical Application 


LCD Buffer Application for Grey Levels 



TL/H/1 1979-1 

Connection Diagram 



OUTPUT 4 

INVERTING INPUT 4 
NON-INVERTING 
INPUT 4 
V- 

NON-INVERTING 
INPUT 3 

INVERTING INPUT 3 
OUTPUT 3 


Order Number LM6104M 
See NS Package Number M14A 


TL/H/1 1979-2 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage 24V 

Differential Input Voltage ± 6V 

Input Voltage ± Supply Voltage 

Inverting Input Current 1 5 mA 

Soldering Information 

Vapor Phase (60s) 215°C 

Infrared (15s) 220°C 


Electrical Characteristics 

The following specifications apply for V+ = 8V, V- = -5V, R[_ = Rf = 2 kH and 0° ^ Tj £ 60°C unless otherwise noted. 


1 

Symbol 

Parameter 

Conditions 

LM6104M 

Units 

Typical 
(Note 4) 

Limits 
(Note 5) 

Vos 

Input Offset Voltage 


10 

30 

mV max 

•b 

Inverting Input Bias Current 


5.0 

20 

juA max 

Non-Inverting Input Bias Current 


0.5 

2 

jxA max 

is 

Supply Current 

> 

o 

II 

£ 

3.5 

4.0 

mA max 

isc 

Output Source Current 

Vq = 0V 

l| N( _) = -100/xA 

60 

45 

mA 

min 

Output Sink Current 

v 0 = ov 

l|N(— ) = 100 /xA 

60 

45 

mA 

min 

Vo 

Positive Output Swing 

l|N(— ) = -100 jaA 

6.5 

6.1 

V min 

Negative Output Swing 

l|N(— ) = 100 pA 

-3.5 

-3.1 

V max 

PSRR 

Power Supply Rejection Ratio 

V s = ±4 to ± 10V 

70 

60 

dB min 

1 00 m V pp @ 1 00 kHz 

40 

30 

dB min 

Rt 

Transresistance 


10 

5 

MH min 

SR 

Slew Rate 

(Note 6) 

100 

55 

V/jas min 

BW 

Bandwidth 

A v = -1 

Rin — Rf = 2 kfl 

7.5 

5.0 

MHz 


Amp-to-Amp Isolation 

R l = 2 kft 

F = 1 MHz 

60 


dB 

CMVR 

Common Mode Voltage Range 


V+ - 1.4V 

V- + 1.4V 


V 

CMRR 

Common Mode Rejection Ratio 


60 


dB 

ts 

Settling Time 

0.05%, 5V Step, A v = -1 

R f = R s = 2 kft, V s = ±5V 

240 


ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. Operating ratings indicate conditions the device is intended to be functional, but device parameter specifications 
may not be guaranteed under the conditions. 

Note 2: Human body model 1.5 k (1 and 100 pF. This is a class 2 device rating. 

Note 3: Thermal resistance of the SO package is 98°C/W. When operating at Ta = 80°C, maximum power dissipation is 700 mW. 

Note 4: Typical values represent the most likely parametric norm. 

Note 5: All limits guaranteed at operating temperature extremes. 

Note 6: Ay = - 1 with R|n = Rf = 2 kft. Slew rate is calculated from the 25% to the 75% point on both rising and falling edges. Output swing is -0.6V to + 5.6V 
and 5.6V to 0.6V. 


Storage Temperature Range -65°C ^ Tj ^ + 150°C 
Maximum Junction Temperature 150°C 

ESD Rating (Note 2) 2000V 

Operating Ratings 

Supply Voltage Range 4.75V to 24V 

Junction Temperature Range (Note 3) 

LM6104M -20° £ Tj ^ +80°C 
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Applications Information 

CURRENT FEEDBACK TOPOLOGY 

The small-signal bandwidth of conventional voltage feed- 
back amplifiers is inversely proportional to the closed-loop 
gain based on the gain-bandwidth concept. In contrast, the 
current feedback amplifier topology, such as the LM6104, 
enables a signal bandwidth that is relatively independent of 
the amplifier’s gain (see typical curve Frequency Response 
vs Closed Loop Gain). 

FEEDBACK RESISTOR SELECTION: R F 

Current feedback amplifier bandwidth and slew rate are 
controlled by Rp- Rf and the amplifier’s internal compensa- 
tion capacitor set the dominant pole in the frequency re- 
sponse. The amplifier, therefore, always requires a feed- 
back resistor, even in unity gain. 


Bandwidth and slew rate are inversely proportional to the 
value of Rp (see typical curve Frequency Response vs Rp). 
This makes the amplifier especially easy to compensate for 
a desired pulse response (see typical curve Large Signal 
Pulse Response). Increased capacitive load driving capabili- 
ty is also achieved by increasing the value of Rp. 

The LM6104 has guaranteed performance with a feedback 
resistor of 2 kft. 

CAPACITIVE FEEDBACK 

It is common to place a small lead capacitor in parallel with 
feedback resistance to compensate voltage feedback am- 
plifiers. Do not place a capacitor across Rp to limit the band- 
width of current feedback amplifiers. The dynamic imped- 
ance of capacitors in the feedback path of the LM6104, as 
with any current feedback amplifier, will cause instability. 
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LM8305 



National Semiconductor 


PRELIMINARY 


LM8305 — STN LCD Display Bias Voltage Source 


General Description 

The LM8305M contains five buffered voltage sources to 
provide the voltage ratios required to drive a standard STN 
LCD display panel using a time-multiplexed voltage wave- 
form to activate, or deactivate, a pixel once every picture 
frame. The internal resistor array features a binary weighted 
array to allow the user to select the proper ratio for the 
display being driven. The user can use an external resistor 
to set the ratio, if desired. 

The LM8305 has a maximum operating supply voltage of 
50 V to support higher multiplexing rates. 

The LM8305 also features an internal high side PNP switch, 
and an independent voltage comparator with an internal 
bandgap reference. 


Features 

■ High operating voltages, 50V maximum 

■ Internal resistor array with binary weighting 

■ Ratios from 1 /6 to 1 /37 

■ Optional external resistors 

■ High-side PNP switch from Vcc 

■ Separate voltage comparator circuit with band-gap volt- 
age reference 

■ Surface mount 24-pin package 


Typical Application 



Connection Diagram 



Top View 

See NS Package Number M24B 
Order Number LM8305M 
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Na t ion a l 


Semiconductor 


LMC6008 
8 Channel Buffer 


General Description 

The LMC6008 octal buffer is designed for use in an active 
matrix liquid-crystal display (AMLCD), specifically to buffer 
the gray-level voltages going to the inputs of the column 
driver integrated circuits. In an 8-gray-level (512 color) or 
16-gray-level (4096 color) AMLCD, the function of the col- 
umn drivers is to switch the gray-level voltage inputs to the 
AMLCD columns. Thus, the voltage buffers must be able to 
drive the column capacitance of the entire display panel. 
The LMC6008 AC characteristics, including settling time, 
are specified for a capacitive load of 0.1 juF for this reason. 
The LMC6008 contains 4 high-speed buffers and 4 low- 
power buffers. The high-speed buffers can provide an out- 
put current of at least 250 mA (minimum), and the low-pow- 
er buffers can provide at least 150 mA (minimum). The high- 
speed buffers are intended to be used for the highest gray- 
level voltages (VO, VI, V2, V3 in an 8-gray AMLCD). By 
including the 2 types of buffers, the LMC6008 is able to 
provide this function while consuming a supply current of 
only 6.5 mA (maximum). The buffers are a rail-to-rail design, 
which typically swing to within 30 mV of either supply. 


The LMC6008 also contains a standby function which puts 
the buffer into a high-impedance mode. The supply current 
in the standby mode is a low 500 jllA max. Also, a thermal 
limit circuit is included to protect the device from overload 
conditions. 

Features 

■ High Output Current: 

High Speed Buffers 
Low Power Buffers 

■ Slew Rate: 

High Speed Buffers 
Low Power Buffers 

■ Settling Time, Cl = 0.1 jaF 

■ Wide Input/Output Range 

■ Supply Voltage Range 

■ Supply Current 

■ Standby Mode Current 

Applications 

■ AMLCD voltage buffering 

■ Multi-voltage buffering 


250 mA min 
150 mA min 

1.7 V/jas 
0.85V/ jas 
16 jas max 
0.1V to Vqc — 0.1V min 
5V to 16V 
6.5 mA max 
500 juA 


Connection Diagram 


24-Pin SO 



GND 
OUT 1 
0UT2 
0UT3 
0UT4 
NC 

PGND 

0UT5 

0UT6 

0UT7 

0UT8 

GND 


TL/H/1 2321-1 


Note: Buffers 1, 3, 5 and 7 are High Speed and 
Buffers 2, 4, 6 and 8 are Low Speed. 


Ordering Information 


Package 

Temperature Range 
— 40°C to +85°C 

NSC 

Drawing 

Transport 

Media 

24-Pin 

Surface Mount 

LMC6008IM 

M24B 

Rail 

LMC6008IMX 

M24B 

Tape & Reel 
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LMC6008 


Absolute Maximum Ratings (Note n 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


ESD Tolerance (Note 2) 
Voltage at Input Pin 
Voltage at Output Pin 
Supply Voltage (V+ - V~) 
Lead Temperature 
(soldering, 1 0 sec.) 

Storage Temperature Range 
Junction temperature (Note 4) 
Power Dissipation (Note 4) 


2000V 

V+ + 0.4V, V- - 0.4V 
V+ + 0.4V, V- - 0.4V 
16V 

260°C 

— 55°C to + 1 50°C 
1 50°C 
Internally Limited 


Operating Ratings (Note d 

Supply Voltage 
Temperature Range 
Thermal Resistance (Oja) 

M Package, 24-Pin Surface Mount 


4.5V <S V+ ^ 16V 
— 20°C to + 100°C 

50°C/W 


DC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, Vcc = 14.5V and Rl = 0. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6008 

Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 

R s = 10 kH 


25 

mV max 

A V 

Vq = 10 Vpp 



0.985 

V/V 

>B 

Input Bias Current 



300 

nA max 

•lp 

Peak Load Current 

Hi Speed Buffers 

V 0 =13 Vpp 


-250 

mA max 

+ 250 

mA min 

*LP 

Peak Load Current 

Lo Speed Buffers 

V 0 = 13 Vpp 


-150 

mA max 

+ 150 

mA min 

Verr 

Output Voltage Difference 
(Note 9) 


35 


mV max 

V|H 

Standby Logic 

High Voltage 



3.30 

V min 

V|L 

•standby Logta 

Low Voltage 



1.80 

V max 

IlH 

Standby High Input Current 



1.0 


IlL 

Standby Low Input Current 



1.0 

juA max 

•O (STD-BY) 

Output Leakage Current 

Vstd-by = High 


5 

|u.A max 

icc 

Supply Current 

V| L = Low, V| N = 7.25V 


6.5 

mA max 

^ STD-BY 

Standby Current 

Vstd-BY = High 


500 

juA max 

PSRR 

Power Supply Rejection Ratio 

5V < V C c < 14.5V 


55 

dB min 

Vo 

Voltage Output Swing 



0.1 

V min 

< 

o 

o 

1 

o 

'—k. 

V max 
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AC Electrical Characteristics 

Unless otherwise specified, all limits guaranteed for Tj = 25°C, Vcc = 14.5V and R|_ = OH. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LMC6008 

Limit 
(Note 6) 

Units 

SR 

Slew Rate 

Buffers 1 , 3, 5, 7 (Note 3) 


1.70 

V/jlis min 



Buffers 2, 4, 6, 8 (Note 3) 


0.85 

V/fjLS min 

ts 

Settling Time 

(Notes 3, 7) 


16 

jas max 

tON 

Standby Response Time ON 



10 

juts max 

tOFF 

Standby Response Time OFF 



10 

jus max 

PBW 

Power Bandwidth 

Vo = 10 Vppfor Hi-Speed 

Vq = 5 Vpp for Lo-Speed 
(Note 3) 


45 

KHz min 

C L 

Load Capacitance 



0.1 

/xF max 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1 .5 kft in series with 1 00 pF. 

Note 3: The Load is a series connection of a 0.1 jx F capacitor and a 1ft resistor. 

Note 4: The maximum power dissipation is a function of Tj( max ), 0 ja, and T^. The maximum allowable power dissipation at any ambient temperature is 
Pd = (Tj(max) — Ta)/0ja> where the junction-to-ambient thermal resistance 0 ja = 50°C/W. If the maximum allowable power dissipation is exceeded, the thermal 
limit circuit will limit the die temperature to approximately 1 60°C. All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: The settling time is measured from the input transition to a point 50 mV of the final value, for both rising and falling transitions. The input swing is 0.5V to 
13.5V for buffers 1, 3, 5, 7 and 3.75V to 10.25V for buffers 2, 4, 6, 8. Input rise time should be less than 1 ju.s. 

Note 8: High-Speed Buffers are 1, 3, 5, 7 and Low-Speed Buffers are 2, 4, 6, 8. 

Note 9: Output Voltage Difference is the difference between the highest and lowest buffer output voltage when all buffer inputs are at identical voltages. 
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LM6152/LM6154 



National Semiconductor 


PRELIMINARY 


LM6152 Dual and LM6154 Quad 

High Speed/Low Power 

45 MHz Rail-to-Rail I/O Operational Amplifiers 


General Description 

Using patent pending circuit topologies, the LM61 52/54 
provides new levels of speed vs power performance in ap- 
plications where low voltage supplies or power limitations 
made compromise necessary. With only 1 .5 mA/amp sup- 
ply current, the 45 MHz bandwidth of this device supports 
new portable applications where higher power devices un- 
acceptably drain battery life. 

In addition, the LM61 52/54 can be driven by voltages that 
exceed both power supply rails, thus eliminating concerns 
over exceeding the common-mode voltage range. The rail- 
to-rail output swing capability provides the maximum possi- 
ble dynamic range at the output. This is particularly impor- 
tant when operating on low supply voltages. The 
LM61 52/54 can also drive capacitive loads without oscillat- 
ing. 

Operating on supplies of 1.8V to over 24V, the LM61 52/54 
is excellent for a very wide range of applications, from bat- 
tery operated systems with large bandwidth requirements to 
high speed instrumentation. 


Features (For 5V Supply) 


■ Rail-to-rail input CMVR 

■ Rail-to-rail output swing 

■ Wide gain-bandwidth: 

■ Slew rate 

■ Low supply current 

■ Wide supply range 

■ Fast settling time: 

— Gain 

■ PSRR 


-0.25V to 5.25V (max/min) 
0.01V to 4.99V (max/min) 
45 MHz (typ) @ 50 kHz 
30 V/juts (typ) 
1 .5/Amp (typ) 
1.8V to 24V 

108 dB (typ) with R|_ = 10k 
87 dB (typ) 


Applications 

■ Portable high speed instrumentation 

■ 5V signal conditioning amplifiers/ADC buffers 

■ Bar code scanners 

■ Wireless communications 


Connection Diagrams 

8-Pin DIP/SO 



Top View 


TL/H/ 12350-1 


14-Pin DIP/SO 



OUT D 

-IN D 

+IN D 
V" 

+IN C 

-IN C 

OUT C 

TL/H/1 2350-2 


Ordering Information 



Temperature Range 

NSC 

Drawing 

Package 

Industrial 

— 40°C to +85°C 

8-Pin Molded DIP 

LM6142AIN, LM6142BIN 

N08E 

8-Pin Small Outline 

LM6142AIM, LM6142BIM 

M08A 

14-Pin Molded DIP 

LM6144AIN, LM6144BIN 

N14A 

14-Pin Small Outline 

LM6144AIM, LM6144BIM 

M14A 
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National Semiconductor 


LM6 1 6 1 / LM626 1 /LM636 1 
High Speed Operational Amplifier 


General Description 

The LM6161 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300 V/jus and 
50 MHz unity gain stability with only 5 mA of supply current. 
Further power savings and application convenience are 
possible by taking advantage of the wide dynamic range in 
operating supply voltage which extends all the way down to 
+ 5V. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which provides fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 

■ High unity gain freq 

■ Low supply current 

■ Fast settling 

■ Low differential gain 

■ Low differential phase 

■ Wide supply range 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 

Applications 

■ Video amplifier 

■ High-frequency filter 

■ Wide-bandwidth signal conditioning 

■ Radar 

■ Sonar 


300 V/ juts 
50 MHz 
5 mA 
120 ns to 0.1% 
<0.1% 
0.1° 

4.75V to 32V 


Connection Diagrams 


20-Lead LCC 



Temperature Range 

Package 

NSC 

Drawing 

Military 

— 55°C £ T a ^ + 125°C 

Industrial 

— 25°C ^ T A ^ +85°C 

Commercial 
o°c <; t a ^ + 70°c 


LM6261N 

LM6361N 

8-Pin 

Molded DIP 

N08E 

LM6161 J/883 

5962-89621 01 PA 


LM6361J 

8-Pin 

Ceramic DIP 

J08A 


LM6261M 

LM6361M 

8-Pin Molded 
Surface Mt. 

M08A 

LM61 61 E/883 
5962-89621 01 2A 



20-Lead 

LCC 

E20A 

LM6161 W/883 
5962-89621 01 HA 



10-Pin 

Ceramic Flatpak 

W10A 


v os 

Adjust V+ V 0UT N/C 



TL/H/9057-5 

See NS Package Number J08A, 
N08E or M08A 
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LM6161/LM6261/LM6361 


Absolute Maximum Ratings (Note 12 ) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V - ) 36V 

Differential Input Voltage (Note 8) ± 8V 


Common-Mode Voltage Range 
(Note 10) (V+ - 0.7V) to (V- - 7V) 


Output Short Circuit to GND (Note 1) 
Soldering Information 
Dual-In-Line Package (N, J) 
Soldering (10 sec.) 

Small Outline Package (M) 

Vapor Phase (60 sec.) 

Infrared (15 sec.) 


Continuous 


260°C 

215°C 

220°C 


DC Electrical Characteristics 


See AN-450 “Surface Mounting Methods alnd Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Storage Temp Range 
Max Junction Temperature 
ESD Tolerance (Notes 6 and 7) 


— 65°C to + 1 50°C 
1 150°C 

±700V 


Operating Ratings (Note 12 ) 

Temperature Range (Note 2) 


LM6161 

LM6261 

LM6361 


— 55°C <i Tj ^ + 1 25°C 
-25°C ^Tj ^ +85°C 
0°C ^ Tj <£ +70°C 


Supply Voltage Range 


4.75V to 32 V 


The following specifications apply for Supply Voltage = ± 15V, Vcm = 0, R|_ ^ 100 ka and Rs = 50H unless otherwise noted. 
Boldface limits apply for Tj = Tmin to TmaxI all other limits Tj = 25°C. 






LM6161 

LM6261 

LM6361 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Limit 

Units 





(Notes 3, 11) 

(Note 3) 

(Note 3) 


v OS 

Input Offset Voltage 


5 

7 

7 

20 

mV 





10 

9 

22 

Max 

Vos 

Input Offset Voltage 


10 




JLtV/°C 

Drift 

Average Drift 





lb 

Input Bias Current 


2 

3 

3 

5 

fxA 





6 

5 

6 

Max 

•os 

Input Offset Current 


150 

350 

350 

1500 

nA 




800 

600 

1900 

Max 

los 

Input Offset Current 


0.4 




nA/°C 

Drift 

Average Drift 





Rin 

Input Resistance 

Differential 

325 




k n 

Qn 

Input Capacitance 

A v = +1 @ 10 MHz 

1.5 




PF 

a vol 

Large Signal 

VoUT = — 10 V, 

750 

550 

550 

400 

V/V 


Voltage Gain 

R l = 2 ka (Note 9) 

300 

400 

350 

Min 



R l = 1 0 k(l (Note 9) 

2900 




V/V 

v cm 

Input Common-Mode 

Supply = +15V 

+ 14.0 

+ 13.9 

+ 13.9 

+ 13.8 

Volts 


Voltage Range 


+ 13.8 

+ 13.8 

+ 13.7 

Min 




-13.2 

— 12.9 

-12.9 

-12.8 

Volts 




- 12.7 

- 12.7 

- 12.7 

Min 



Supply = +5V 

4.0 

3.9 

3.9 

3.8 

Volts 



(Note 4) 

3.8 

3.8 

3.7 

Min 




1.8 

2.0 

2.0 

2.1 

Volts 




2.2 

2.2 

2.2 

Max 

CMRR 

Common-Mode 

-10V ^ v CM +iov 

94 

80 

80 

72 

dB 


Rejection Ratio 


74 

76 

70 

Min 

PSRR 

Power Supply 

±10V <: V± <: ± 16V 

90 

80 

80 

72 

dB 


Rejection Ratio 


74 

76 

70 

Min 

Vo 

Output Voltage 

Supply = ± 1 5V 

+ 14.2 

+ 13.5 

+ 13.5 

+ 13.4 

Volts 


Swing 

and Rl = 2 kn 

+ 13.3 

+ 13.3 

+ 13.3 

Min 




-13.4 

-13.0 

-13.0 

-12.9 

Volts 





- 12.7 

- 12.8 

- 12.8 

Min 
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DC Electrical Characteristics (continued) 

The following specifications apply for Supply Voltage = + 15V, Vqm = 0, R|_ ^ 100 k Cl and Rs = 50H unless otherwise noted. 
Boldface limits apply for Tj = Tmin to Tmax! all other limits Tj = 25°C. 

Symbol 

Parameter 

Conditions 


LM6161 

LM8261 

LM6361 


Typ 

Limit 

(Notes 3, 11) 

Limit 
(Note 3) 

Limit 
(Note 3) 

Units 

Vo (Continued) 

Output Voltage 

Swing (Continued) 

Supply = + 5V 
and R(_ = 2 kfl 
(Note 4) 

4.2 

3.5 

3.3 

3.5 

3.3 

— 


1.3 

1.7 

2.0 

1.7 

1.9 

mm 



Output Short 

Circuit Current 

Source 

65 

30 

20 

30 

25 

mm 

wm 

Sink 

65 

30 

20 

30 

25 

mu 


Is 

Supply Current 


5.0 

6.5 

6.8 

6.5 

6.7 

6.8 

6.9 

mA 

Max 

AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 1 5V, Vqm = 0, R|_ ^ 100 kfl and Rg = 50fl unless otherwise noted. 
Boldface limits apply for Tj = Tmin t0 t max; all other limits Tj = 25°C. 

Symbol 

Parameter 

Conditions 

Typ 

LM6161 

LM6261 

LM6361 

Units 

Limit 

(Notes 3,11) 

Limit 
(Note 3) 

Limit 
(Note 3) 

GBW 

Gain-Bandwidth 

Product 

@ f = 20 MHz 

50 

40 

30 

40 

35 

35 

32 

MHz 

Min 

Supply = ±5V 

35 




MHz 

SR 

Slew Rate 

Ay = T- 1 (Note 8) 

300 

200 

180 

200 

180 

200 

180 

V/jus 

Min 

Supply = ± 5V (Note 8) 

200 




V/JUS 

PBW 

Power Bandwidth 

VoUT = 20 Vpp 

4.5 




MHz 

ts 

Settling Time 

10V Step to 0.1% 

Ay = — 1 , R[_ = 2 kf l 

120 




ns 

4>m 

Phase Margin 


45 




Deg 

Ad 

Differential Gain 

NTSC, A v = +4 

<0.1 




% 

4>D 

Differential Phase 

NTSC, Ay = +4 

0.1 




Deg 

e np-p 

Input Noise Voltage 

f = 10 kHz 

15 





j np-P 

Input Noise Current 

f = 10 kHz 

1.5 



f 

pA/VHz 

Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/W, the molded plastic SO (M) package is 155°C/W, and the 
cerdip (J) package is 125°C/W. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Limits are guaranteed by testing or correlation. 

Note 4: For single supply operation, the following conditions apply: V+ = 5V, V - = 0V, Vqm = 2.5V, Vout = 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each 
connected to Pin 4 (V - ) to realize maximum output swing. This connection will degrade Vqs. Vos Drift, and Input Voltage Noise. 

Note 5: C L ^ 5 pF. 

Note 6: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos, los, and 
Noise). 

Note 7: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500fl. 

Note 8: Vin = 8V step. For supply = ± 5V, V ( n = 5V step. 

Note 9: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 

Note 10: The voltage between V+ and either input pin must not exceed 36V. 

Note 11: A military RETS electrical test specification is available on request. At the time of printing, the RETS6161X specs complied with all Boldface limits in this 
column. 

Note 12: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 

The guaranteed specifications apply only for the test conditions listed. 
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LM6 161 /LM626 1 /LM636 1 


Typical Performance Characteristics (R[_ = 10 ka, Ta = 25°C unless otherwise specified) 


Supply Current vs 
Supply Voltage 



2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


Common-Mode 
Rejection Ratio 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply 
Rejection Ratio 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Gain-Bandwidth 

Product 


~TT~ 

-55<>r: 






r 

y 

sgr 






♦125°C 







L 

















2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


Propagation Delay 
Rise and Fall Times 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain-Bandwidth Product 
vs Load Capacitance 





V S =: 

b 15V 


V 






X 






\ 

\ 


10pF lOOpF InF 10nF lOOnF 1/*F 
LOAD CAPACITANCE 


Slew Rate vs 
Load Capacitance 




Positive 


\ 


\\ 




Negative^ 


A 





10pF lOOpF InF 10nF lOOnF \ 
LOAD CAPACITANCE 


Overshoot vs 
Capacitive Load 

i ri I"' i iv*=±i5v 


10pF lOOpF InF 10nF lOOnF 
CAPACITIVE LOAD 


n 




— i — 
-55°C 









& 


**25°C 

*+125°C 
1 










Zj 












□ 




2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


Voltage Gain 
vs Load Resistance 


min ill 

:c 

1 

25°C, 125°C 

mm i i > 


-1 



55°C 


t f 


















v s 

= ±15V 


1 10 
LOAD RESISTANCE (kA) 


Gain vs Supply Voltage 














♦125°C 



— - 



♦25°C 





- 

- 

_ 

— 

— 

— 

-55°C 

! 

— 

— 

— 
















R[ 

= 2 

:kn 


4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 
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Typical Performance Characteristics 

(Rl = 10 kft, Ta = 25°C unless otherwise specified) (Continued) 


Differential Gain (Note) 



TL/H/9057-7 


Differential Phase (Note) 



TL/H/9057-8 

Note: Differential gain and differential phase measured for four series 
LM6361 op amps configured as unity-gain followers, in series with an 
LM6321 buffer. Error added by LM6321 is negligible. Test performed using 
Tektronix Type 520 NTSC test system. 


Step Response; Av = + 1 



Input Noise Voltage 



FREQUENCY (Hz) 


(50 ns/div) 

Input Noise Current 

1000 t -r-. - -T- - r- . - T= 



1 I I I I I I 

1 10 100 Ik 10k 100k 


FREQUENCY (Hz) 


TL/H/9057-1 



0.1 1 10 100 
FREQUENCY (MHz) 


TL/H/9057-9 


2 
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LM6161/LM6261/LM6361 


Typical Performance Characteristics 

(R|_ = 10 kH, Ta = 25°C unless otherwise specified) (Continued) 


Open-Loop 
Frequency Response 



Ik 10k 100k 1M 10M 100M 1G 
FREQUENCY (Hz) 


180 jg 

270 f 
§ 

360 ^ 
450 


Open-Loop 



1M 10M 100M 



Ik 10k 100k 1M 10M 100M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Common-Mode Input 
Saturation Voltage 



+/- SUPPLY VOLTAGE (V) 


Output Saturation Voltage 


a -i 

























2 




























*L 

= 21 



4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


3 

£ 


Bias Current vs 
Common-Mode Voltage 



-15 -10 -5 0 5 10 15 

COMMON-MODE VOLTAGE (V) 

TL/H/9057-12 


Simplified Schematic 



TL/H/9057-3 
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Applications Tips 

The LM6361 has been compensated for unity-gain opera- 
tion. Since this compensation involved adding emitter-de- 
generation resistors to the op amp’s input stage, the open- 
loop gain was reduced as the stability increased. Gain error 
due to reduced Avol is most apparent at high gains; thus, 
for gains between 5 and 25, the less-compensated LM6364 
should be used, and the uncompensated LM6365 is appro- 
priate for gains of 25 or more. The LM6361, LM6364, and 
LM6365 have the same high slew rate, regardless of their 
compensation. 

The LM6361 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (especially in low-gain circuits). 
The LM6361’s compensation is effectively increased with 
load capacitance, reducing its bandwidth and increasing its 
stability. 

Power supply bypassing is not as critical for the LM6361 as , 
it is for other op amps in its speed class. Bypassing will, 


however, improve the stability and transient response and is 
recommended for every design. 0.01 juF to 0.1 ju,F ceramic 
capacitors should be used (from each supply “rail” to 
ground); if the device is far away from its power supply 
source, an additional 2.2 jaF to 1 0 jaF of tantalum may pro- 
vide extra noise reduction. 

Keep all leads short to reduce stray capacitance and Idad 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling across adjacent nodes and can cause gain to uninten- 
tionally vary with frequency. 

Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


Typical Applications 


Offset Voltage Adjustment 
v+ 



1 MHz Low-Pass Filter 



* Matching determines filter precision 
f c = (2 ttV(R 1 R2C1 C2))-i 


Modulator with Differential-to-Single-Ended Converter 


+ 12V 



TL/H/9057-1 1 
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LM6162/LM6262/LM6362 
High Speed Operational Amplifier 


General Description 

The LM6362 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product, delivering 300 V/jas and 
1 00 MHz gain-bandwidth product (stable for gains as low as 
+ 2 or -1) with only 5 mA of supply current. Further power 
savings and application convenience are possible by taking 
advantage of the wide dynamic range in operating supply 
voltage which extends all the way down to + 5V. 

These amplifiers are built with National’s VI p™ (Vertically 
Integrated PNP) process which provides fast transistors that 
are true complements to the already fast NPN devices. This 
advanced junction-isolated process delivers high speed per- 
formance without the need for complex and expensive di- 
electric isolation. 

Features 

■ High slew rate 300 V/ jus 

■ High gain-bandwidth product 100 MHz 


■ Low supply current 5 mA 

■ Fast settling time 120 ns to 0.1 % 

■ Low differential gain <0.1% 

■ Low differential phase <0.1° 

■ Wide supply range 4.75V to 32V 

■ Stable with unlimited capacitive load 

■ Well behaved; easy to apply 

Applications 

■ Video amplifier 

■ Wide-bandwidth signal conditioning for image process- 
ing (FAX, scanners, laser printers) 

■ Hard disk drive preamplifier 

■ Error amplifier for high-speed switching regulator 


Connection Diagrams 

20-Lead LCC 



NJUjUULU/ 


TL/H/11061-14 

Top View 

See NS Package Number E20A 


10-Pin Ceramic Flatpak 



TL/H/11061-15 

Top View 

See NS Package Number W10A 


Adjust V+ V 0UT N/C 



TL/H/1 1061 -2 

See NS Package Number N08E, 
M08A or J08A 


Temperature Range 

Package 

NSC 

Drawing 

Military 

-55°C<T a < + 125°C 

industrial 

— 25°C < T A < +85°C 

Commercial 

0°C < T a < +70°C 

LM6162N 

LM6262N 

LM6362N 

8-Pin Molded DIP 

N08E 

LM6162J/883 

5962-921 6501 PA 




|| 


LM6262M 

LM6362M 



LM6162E/883 

5962-921 6501 2A 





LM6162W/883 

5962-921 6501 HA 



1 0-Pin Ceramic Flatpak 

W10A 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Supply Voltage (V+-V~) 

36V 

Storage Temperature Range 

— 65°C <; Tj <; ± 1 50°C 

Differential Input Voltage (Note 2) 

±8V 

Max Junction Temperature 

150°C 

Common-Mode Input Voltage 
(Note 3) 

(V+-0.7V) to 
(V- - 0.3V) 

ESD Tolerance (Note 5) 

± 1100V 

Output Short Circuit to GND (Note 4) 
Soldering Information 

Continuous 

Operating Ratings 

Temperature Range (Note 6) 


Dual-In-Line Package (N) 


LM6162 

— 55°C ^ Tj ^ + 1 25°C 

Soldering (10 seconds) 

Small Outline Package (M) 

260°C 

LM6262 

— 25°C ^ Tj ^ +85°C 

Vapor Phase (60 seconds) 

215°C 

LM6362 

0°C <; Tj £ ±70°C 

Infrared (15 seconds) 

220°C 

Supply Voltage Range 

4.75V to 32V 


DC Electrical Characteristics 

These limits apply for supply voltage = ±15V, Vqm — OV, and R[_ ^ 100 kfl, unless otherwise specified. Limits in standard 
typeface are for T^ = Tj = 25°C; limits in boldface type apply over the Operating Temperature Range. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM6162 
Limit 
(Note 8) 

LM6262 

Limit 
(Note 8) 

LM6362 

Limit 
(Note 8) 

Units 

v os 

Input Offset Voltage 


±3 

±5 

±5 

±13 

mV 





±8 

±8 

±15 

max 

AVqs 

Input Offset Voltage 


7 





ATemp 

Average Drift 






JLlV/°C 

*bias 

Input Bias Current 






juA 








max 

los 

Input Offset Current 


±150 

±350 

±350 

±1500 

nA 





±800 

±600 

±1900 

max 

Alos 

Input Offset Current 






nA/°C 

ATemp 

Average Drift 







Rin 

Input Resistance 

Differential 

180 




kfl 

Gin 

Input Capacitance 


2.0 




PF 

AvOL 

Large Signal 

VoUT = ilOV, R|_ = 2 kfl 

1400 

1000 

1000 

800 

V/V 


Voltage Gain 

(Note 9) 


500 

700 

650 

min 



R L = 10 kfl 

6500 




V/V 

VcM 

Input Common-Mode 

Supply = ±15V 

±14.0 

±13.9 


±13.8 

V 


Voltage Range 



± 13.8 


± 13.7 

min 




-13.2 

-12.9 

-12.9 

-12.9 

V 





- 12.7 

- 12.7 

- 12.8 

max 



Supply = ± 5V 

4.0 

3.9 


3.8 

V 



(Note 10) 


3.8 


3.7 

min 




1.6 

1.8 

1.8 

1.9 

V 





2.0 

2.0 

2.0 

max 

CMRR 

Common-Mode 

- 10 V £ V CM ^ +iov 

100 

83 

83 

76 

dB 


Rejection Ratio 



79 

79 

74 

min 

PSRR 

Power Supply 

±10V ^ V s £ ± 16V 

93 

83 

83 

76 

dB 


Rejection Ratio 



79 

79 

74 

min 

Vo 

Output Voltage 

Supply = ± 15V, R l = 2 kfl 

±14.2 

±13.5 

±13.5 

±13.4 

V 


Swing 



± 13.3 

± 13.3 

13.3 

min 




-13.4 

-13.0 

-13.0 

-12.9 

V 





- 12.7 

- 12.8 

- 12.8 

max 
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DC Electrical Characteristics (continued) 

These limits apply for supply voltage = ±15V, Vqm = OV, and R|_ ^ 100 kft, unless otherwise specified. Limits in standard 
typeface are for Ta = Tj = 25°C; limits in boldface type apply over the Operating Temperature Range. 

Symbol 

Parameter 

Conditions 

Typical 
(Note 7) 

LM6162 

Limit 
(Note 8) 

LM6262 

Limit 

(Noted) 

LM6362 
Limit 
(Note 8) 

Units 

Vo 

Output Voltage Swing 

Supply = + 5 V and 

R L = 2kn (Note 10) 

4.2 

3.5 

3.3 

3.5 

3.3 

3.4 

3.3 

V 

min 


1.3 

1.7 

2.0 

1.7 

1.9 

1.8 

1.9 

V 

max 

lose 

Output Short 

Circuit Current 

Sourcing 

65 

30 

20 

— 


mA 

min 


Sinking 

65 

30 

20 

| 

30 

25 

mA 

min 

Is 



5.0 

6.5 

6.8 

6.5 

6.7 

6.8 

6.9 

mA 

max 


Symbol 

Parameter 



LM6162 
Limit 
(Note 8) 

LM6262 
Limit 
(Note 8) 

LM6362 

Limit 
(Note 8) 

Units 

GBW 

Gain-Bandwidth Product 

f = 20 MHz 

Supply = ±5V 



80 

65 

75 

65 

MHz 

min 

70 




MHz 

SR 

Slew Rate 

A v = +2 (Note 11) 

Supply = ± 5V 


200 

180 

200 

180 

200 

180 

V/jAS 

min 

200 




V/jULS 

PBW 

Power Bandwidth 

Vqut = 20 Vpp 

4.5 




MHz 

ts 

Settling Time 

10V step, to 0.1% 

Ay = — 1 , R|_ = 2 kft 

100 




ns ; 

4*171 

Phase Margin 

A v = +2 

45 




deg 


Differential Gain 

NTSC, A v = +2 

<0.1 




% 


Differential Phase 

NTSC, A Vi = + 2 

<0.1 




deg 

©n 

Input Noise Voltage 

f = 10 kHz 

10 




nV/l/Hz 

•n 

Input Noise Current , t 

f = 10 kHz 

1.2 




pA/t/Hz 

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the 
device beyond its rated operating conditions. 

Note 2: The ESD protection circuitry between the inputs will begin to conduct when the differential input voltage reaches 8V. 

Note 3: a) In addition, the voltage between the V+ pin and either input pin must not exceed 36V. 

b) When the voltage applied to an input pin is driven more than 0.3V below the negative supply pin voltage, a substrate diode begins to conduct. Current 
through this pin must then be kept less than 20 mA to limit damage from self-heating. 

Note 4: Although the output current is internally limited, continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum 
allowed junction temperature of 1 5Q*C. 

Note 5: This value is the average voltage that the weakest pin combinations can withstand and still conform to the datasheet limits. The test circuit used consists of 
the human body model, 100 pF in series with 1500ft. 

Note 6: The typical thermal resistance, junction-to-ambient, of the molded plastic DIP (N package) is 105°C/W. For the molded plastic SO (M package), use 
155°C/W. All numbers apply for packages soldered directly into a printed circuit board. 

Note 7: Typical values are for Tj = 25°C, and represent the most likely parametric norm. 

Note 8: Limits are guaranteed; by testing or correlation. 

Note 9: Voltage Gain is the total output swing (20V) divided by the magnitude of the input signal required to produce that swing. 

Note 10: For single-supply operation, the following conditions apply: V+ = 5V, V~ = 0V, Vqm = 2.5V, Vqut = 2.5V. Pin 1 and Pin 8 (Vqs Adjust pins) are each 
connected to pin 4 (V~) to realize maximum output swing. This connection will increase the offset voltage. 

Note 11: V|N = 10V step. For ±5V supplies, Vin = IV step. 

Note 12: A military RETS electrical test specification is available on request. 
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OUTPUT IMPEDANCE (OHMS) 


Typical Performance Characteristics R|_ — 10 kH, Ta = 25°C unless otherwise noted 


Supply Current vs 
Supply Voltage 



2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


Common-Mode 
Rejection Ratio 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 
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Rejection Ratio 



100 Ik 10k 100k 1M 10M 
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Gain-Bandwidth Product 
vs Supply Voltage 
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Slew Rate vs 
Supply Voltage 
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Load Capacitance 
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LM6 1 62/LM6262/LM6362 



LM6162/LM6262/LM6362 


Typical Performance Characteristics (Continued) 


Rl = 10 kft, Ta = 25°C unless otherwise noted 

Differential Gain (Note) 



TL/H/1 1061 -4 


Differential Phase (Note) 



TL/H/1 1061 -5 

Note: Differential gain and differential phase 
measured for four series LM6362 op amps con- 
figured with gain of +2 each, in series with a 
1:16 attenuator and an LM6321 buffer. Error 
added by LM6321 is negligible. Test performed 
using Tektronix Type 520 NTSC test system. 


Step Response; Av = + 2 



TIME (50 ns/div) 


TL/H/1 1061 -6 


Input Noise Voltage 

1000 l ' l , , | . ■ ■ | 



o 


I I : I I I 

1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 



1 10 100 Ik 10k 100k 
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0.1 1 10 100 
FREQUENCY (MHz) 

TL/H/1 1061-7 
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Typical Performance Characteristics (Continued) 

Rl = 10 kft, Ta = 25°C unless otherwise noted 


Open-Loop 
Frequency Response 



t 

50 S 


100 x 
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200 
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TL/H/11061-8 


Open-Loop 



10 100 
FREQUENCY (MHz) 


0 

45 £ 

90 £ 

X 

</) 

135 g 
180 ^ 

225 


270 

1000 


TL/H/1 1061 -9 


Common-Mode Input 
Voltage Limits 



Output Saturation Voltage 



I 

s 

on 


3 


Bias Current vs 
Common-Mode Voltage 



-15 -10 -5 0 5 10 15 


♦/- SUPPLY VOLTAGE (V) 


+/- SUPPLY VOLTAGE (V) 


COMMON-MODE VOLTAGE (V) 

TL/H/1 1061 -10 


Simplified Schematic 
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LM6162/LM6262/LM6362 



LM61 62/ LM6262/LM6362 


Application Tips 

The LM6362 has been decompensated for a wider gain- 
bandwidth product than the LM6361 . However, the LM6362 
still offers stability at gains of 2 (and - 1 ) or greater over the 
specified ranges of temperature, power supply voltage, and 
load. Since this decompensation involved reducing the emit- 
ter-degeneration resistors in the op amp’s input stage, the 
DC precision has been increased in the form of lower offset 
voltage and higher open-loop gain. 

Other op amps in this family include the LM6361 , LM6364, 
and LM6365. If unity-gain stability is required, the LM6361 
should be used. The LM6364 has been decompensated for 
operation at gains of 5 or more, with corresponding greater 
gain-bandwidth product (125 MHz, typical) and DC preci- 
sion. The fully-uncompensated LM6365 offers gain-band- 
width product of 725 MHz, typical, and is stable for gains of 
25 or more. All parts in this family, regardless of compensa- 
tion, have the same high slew rate of 300 V/jus (typ). 

The LM6362 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (in low-gain circuits). However, 
load capacitance on the LM6362 effectively increases its 
compensation capacitance, thus slowing the op amp’s re- 
sponse and reducing its bandwidth. The compensation is 
not ideal, though, and ringing may occur in low-gain circuits 
with large capacitive loads. 

Typical Applications 

Offset Voltage Adjustment 
v+ 



TL/H/11061-11 


Power supply bypassing is not as critical for LM6362 as it is 
for other op amps in its speed class. However, bypassing 
will improve the stability and transient response of the 
LM6362, and is recommended for every design. 0.01 juF to 
0.1 juF ceramic capacitors should be used (from each sup- 
ply “rail” to ground); if the device is far away from its power 
supply source, an additional 2.2 ju,F to 10 jutF of tantalum 
may be required for extra noise reduction. 

Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling from one pin, input or lead to another, and can cause 
circuit gain to unintentionally vary with frequency. 
Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit frequency response. At low gains (+2 or -1), a 
feedback capacitor Cf from output to inverting input will 
compensate for the phase lag caused by capacitance at the 
inverting input. Typically, values from 2 pF to 5 pF work well; 
however, best results can be obtained by observing the am- 
plifier pulse response and optimizing Cf for the particular 
layout. 


Inverting Amplifier, 30 MHz Bandwidth 


♦5V 



TL/H/11061-12 
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Typical Applications (Continued) 

Video Cable Driver 


+15V 
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LM6 1 62/LM6262/LM6362 



LM6 1 64/ LM6264/ LM6364 



National Semiconductor 


LM6164/LM6264/LM6364 
High Speed Operational Amplifier 


General Description 

The LM6164 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300V per jas and 
175 MHz GBW (stable down to gains as low as +5) with 
only 5 mA of supply current. Further power savings and ap- 
plication convenience are possible by taking advantage of 
the wide dynamic range in operating supply voltage which 
extends all the way down to + 5V. 

These amplifiers are built with National’s VIPtm (Vertically 
Integrated PNP) process which produces fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 300 V//xs 

■ High GBW product 175 MHz 

■ Low supply current 5 mA 

■ Fast settling 100 ns to 0.1% 

■ Low differential gain <0.1% 

■ Low differential phase <0.1° 

■ Wide supply range 4.75V to 32V 

■ Stable with unlimited capacitive load 

Applications 

■ Video amplifier 

■ Wide-bandwidth signal conditioning 

■ Radar 

■ Sonar 


Connection Diagrams 


Adjust V* V 0UT N /c 



Adjust input input 

TL/H/9153-8 

NS Package Number 
J08A, M08A or N08E 


20-Lead LCC 



NS Package Number E20A 


10-Lead Flatpak 

NC 

V os ADJUST 
INV INPUT 
N0N-INV INPUT 
V- 

TL/H/9153-15 

Top View 

NS Package Number W10A 



Temperature Range 

Package 

NSC 

Drawing 

Military 

-55°C < T a < + 125°C 

Industrial 

— 25°C < T a < +85°C 

Commercial 
0°C<T a < +70°C 


LM6264N 

LM6364N 

8-Pin Molded DIP 

N08E 

LM61 64J/883 
5962-8962401 PA 



8-Pin Ceramic DIP 

J08A 



LM6364M 

8-Pin Molded Surface Mt. 

M08A 

LM6164E/883 
5962-8962401 2A 



20-Lead LCC 

E20A * 

LM61 64W/883 
5962-8962401 HA 



10-Pin 

Ceramic Flatpak 

W10A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V~) 36V 

Differential Input Voltage (Note 6) ± 8V 

Common-Mode Input Voltage 
(Note 10) (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to Gnd (Note 1 ) Continuous 


Soldering Information 
Dual-In-Line Package (N, J) 

Soldering (1 0 sec.) 260°C 

Small Outline Package (M) 

Vapor Phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Storage Temperature Range - 65°C to + 1 50°C 

Max Junction T emperature (Note 2) 1 50°C 

ESD Tolerance (Notes 6 & 7) ± 700V 


Operating Ratings 

Temperature Range (Note 2) 
LM6164 
LM6264 
LM6364 

Supply Voltage Range 


-55°C^Tj^ + 1 25°C 
— 25°C <; Tj <; +85°C 
0°C ^ Tj ^ +70°C 
4.75V to 32V 


DC Electrical Characteristics The following specifications apply for Supply Voltage = + 15V, Vqm = 0. 
R|_ ^ 100 kfl and Rs = 5011 unless otherwise noted. Boldface limits apply for T A = Tj = T^in to T^ax; aN other limits 
T A = Tj = 25°C. 






LM6164 

LM6264 

LM6364 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Limit 

Units 





(Notes 3,11) 

(Note 3) 

(Note 3) 


Vos 

Input Offset Voltage 



4 

4 

9 

mV 




IbH 

6 

6 

11 

max 


Input Offset Voltage 


B 




jaV/°C 


Average Drift 





mm 

Input Bias Current 


2.5 

3 

3 

5 

ju,A 

m m 



6 

5 

6 

max 

tos 

Input Offset Current 


150 

350 

350 

1500 

mA 




800 

600 

1900 

max 

•os 

Input Offset Current 


0.3 





Drift 

Average Drift 





|E1 


Differential 

100 




kfl 


Input Capacitance 


3.0 




PF 


Large Signal 

Vqut = — 10V, R|_ = 2 kfl 


1.8 



V/mV 


Voltage Gain 

(Note 9) 

0.9 



min 



R l = 10 kfl 

9 




VcM 

Input Common-Mode 

Supply = +15V 





V 


Voltage Range 





min 




-13.5 




V 






BrrfTw 

min 



Supply = + 5V 

4.0 

3.9 

3.9 


V 



(Note 4) 

3.8 

3.8 


min 




1.5 

1.7 



V 




1.9 



max 

CMRR 

Common-Mode 

-10V ^ V CM ^ +10V 

105 

86 

86 

80 

dB 


Rejection Ratio 


80 

82 

78 

min 

PSRR 

Power Supply 

+ 10V ^ V± ^ ± 16V 

96 

86 

86 

80 

dB 


Rejection Ratio 


80 

82 

78 

min 
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LM6 1 64/LM6264/ LM6364 


DC Electrical Characteristics The following specifications apply for Supply Voltage = ± 1 5V, Vqm = 0, 
R|_ ^ 100 ka and Rs = 50a unless otherwise noted. Boldface limits apply for Ta = Tj = Tmin to t max; all other limits 
T A = Tj = 25°C. (Continued) 






LM6164 

LM6264 

LM6364 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Limit 

Units 





(Notes 3,11) 

(Note 3) 

(Note 3) 


Vo 

Output Voltage 

Supply = + 5V 

+ 14.2 

+ 13.5 

+ 13.5 

+ 13.4 

V 


Swing 

and R[_ = 2 ka 

+ 13.3 

+ 13.3 

+ 13.3 

min 




-13.4 

-13.0 

-13.0 

-12.9 

V 




- 12.7 

- 12.8 

- 12.8 

min 



Supply = +5V 

4.2 

3.5 

3.5 

3.4 

V 



and Rl = 2 ka 

3.3 

3.3 

3.3 

min 



(Note 9) 

1.3 

1.7 

1.7 

1.8 

V 




2.0 

1.9 

1.9 

max 


Output Short 

Source 

65 

30 

30 

30 

mA 


Circuit Current 


20 

25 

25 

min 



Sink 

65 

30 

30 

30 

mA 




20 

25 

25 

min 

•s 

Supply Current 


5.0 

6.5 

6.5 

6.8 

mA 




6.8 

6.7 

6.9 

min 
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AC Electrical Characteristics The following specifications apply for Supply Voltage = ±15V, Vqm = 0. 
Rl_ ^ 100 k H and R$ = 50H unless otherwise noted. Boldface limits apply for Ta = Tj = Tmin to TmaxJ all other limits 
T A = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typ 

LM6164 

LM6264 

LM6364 

Units 

Limit 

(Notes 3, 11) 

Limit 
(Note 3) 

Limit 
(Note 3) 

GBW 

Gain-Bandwidth 

Product 

F = 20 MHz 

175 

140 

100 

140 

120 

120 

100 

MHz 

min 

Supply = ± 5V 

120 




SR 

Slew Rate 

A v = +5 (Note 8) 

300 

200 

180 

200 

180 

200 

180 

V/jus 

min 

Supply = ±5V 

200 




PBW 

Power Bandwidth 

VoilT = 20 Vpp 

4.5 




MHz 

T S 

Settling Time 

10V Step to 0.1% 

Ay = —4, R[_ = 2 kfl 

100 




ns 


Phase Margin 

A v = +5 

45 




Deg 

Ad 

Differential Gain 

NTSC, A v = +10 

<0.1 




% 

4>d 

Differential Phase 

NTSC, A v = +10 

<0.1 




Deg 

e np-p 

Input Noise Voltage 

F = 10 kHz 

8 




nVA/Hz 

inp-p 

Input Noise Current 

F = 10 kHz 

1.5 




pA/Vi-iz 


Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 105°C/Watt, the molded plastic SO (M) package is 1 55°C/Watt, and the 
cerdip (J) package is 1 25°C/Watt. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: Limits are guaranteed by testing or correlation. 

Note 4: For single supply operation, the following conditions apply: V+ = 5V, V- = 0V, Vcm = 2.5V, Vqut = 2.5V. Pin 1 & Pin 8 (Vos Adjust) are each 
connected to Pin 4 (V-) to realize maximum output swing. This connection will degrade Vos- 
Note 5: C L ^ 5 pF. 

Note 6: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exceeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos. los> and 
Noise). 

Note 7: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1 50011. 

Note 8: V|n = 4V step. For supply = ±5V, V|n = IV step. 

Note 9: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 

Note 10: The voltage between V+ and either input pin must not exceed 36V. 

Note 11: A military RETS electrical test specification is available on request. At the time of printing, the LM6164J/883 RETS spec complied with the Boldface 
limits in this column. The LM6164J/883 may also be procured as Standard Military Drawing #5962-8962401 PA. 
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LM6 1 64/ LM6264/LM6364 


Typical Performance Characteristics (R|_ = 10 k ft, Ta = 25°C unless otherwise specified) 


Supply Current vs 
Supply Voltage 
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♦25°C 




5°C 
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♦/“ SUPPLY VOLTAGE 


Common-Mode 
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FREQUENCY (Hz) 


Power Supply 
Rejection Ratio 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Gain-Bandwidth 

Product 


r 

: 






♦125°C, 
















2 4 6 8 10 12 14 16 18 

+/- SUPPLY VOLTAGE (V) 


Propagation Delay 
Rise and Fail Time 





Jf, 





l R 







mmm 



Vo 

















10 V s = 1 15V 

V o = ±10V 

o 1 — 1 1 1 

-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain-Bandwidth Product 
vs Load Capacitance 



10pF lOOpF InF 10nF lOOnF 1/*F 
LOAD CAPACITANCE 


Slew Rate vs 
Load Capacitance 



v s = 

k 15V 























10pF lOOpF InF 10nF lOOnF 1*iF 
LOAD CAPACITANCE 


Overshoot vs 
Load Capacitance 



Vs 

= ± 15V 
= +5 - 
= 2 kXL 

V 




3 





V 




\ 




10pF lOOpF InF 10nF lOOnF 





n 

55°C 




J 





A 

I 


5 



M25°C | 





















t 





2 4 6 8 10 12 14 16 18 

♦/- SUPPLY VOLTAGE (V) 


Voltage Gain vs 
Load Resistance 
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Typical Performance Characteristics 

(R|_ = 10 kft, T a = 25°C unless otherwise specified) (Continued) 


Differential Gain (Note) 



TL/H/9153-6 


Differential Phase (Note) 



TL/H/9153-7 

Note: Differential gain and differential phase 
measured for four series LM6364 op amps in se- 
ries with an LM6321 buffer. Error added by 
LM6321 is negligible. Test performed using Tek- 
tronix Type 520 NTSC test system. Configured 
with a gain of +5 (each output attenuated by 
80%) 



Input Noise Voltage 

loop. | I I — r 



GO 

2 


I I 1 i I 

1 10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Noise Current 




FREQUENCY (MHz) 

TL/H/9153-9 
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LM6 1 64/LM6264/ LM6364 


Typical Performance Characteristics 

(Rl = 10 kft, Ta = 25°C unless otherwise specified) (Continued) 



Ik 10k 100k 1M 10M 100M 1G 



Output Resistance 
Open-Loop 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Common-Mode Input 



+/- SUPPLY VOLTAGE (V) 


Simplified Schematic 


Output Saturation Voltage 



Bias Current vs 
Common-Mode Voltage 



-15 -10 -5 0 5 10 15 

COMMON-MODE VOLTAGE (V) 

TL/H/9153-13 



2-254 




Applications Tips 

The LM6364 has been compensated for gains of 5 or great- 
er (over specified ranges of temperature, power supply volt- 
age, and load). Since this compensation involved adding 
emitter-degeneration resistors in the op amp’s input stage, 
the open-loop gain was reduced as the stability increased. 
Gain error due to reduced Avol ' s most apparent at high 
gains; thus, the uncompensated LM6365 is appropriate for 
gains of 25 or more. If unity-gain operation is desired, the 
LM6361 should be used. The LM6361, LM6364, and 
LM6365 have the same high slew rate (typically 300 V/jas), 
regardless of their compensation. 

The LM6364 is unusually tolerant of capacitive loads. Most 
op amps tend to oscillate when their load capacitance is 
greater than about 200 pF (in low-gain circuits). However, 
load capacitance on the LM6364 effectively increases its 
compensation capacitance, thus slowing the op amp’s re- 
sponse and reducing its bandwidth. The compensation is 
not ideal, though, and ringing or oscillation may occur in 
low-gain circuits with large capacitive loads. To overcom- 
pensate the LM6364 for operation at gains less than 5, a 


series resistor-capacitor network should be added between 
the input pins (as shown in the Typical Applications, Noise 
Gain Compensation) so that the high-frequency noise gain 
rises to at least 5. 

Power supply bypassing will improve the stability and tran- 
sient response of the LM6364, and is recommended for ev- 
ery design. 0.01 /xF to 0.1 juF ceramic capacitors should be 
used (from each supply “rail” to ground); if the device is far 
away from its power supply source, an additional 2.2 jaF to 
10 /xF (tantalum) may be required for extra noise reduction. 
Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling between adjacent nodes, so that circuit gain uninten- 
tionally varies with frequency. 

Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


Typical Applications 



Video-Bandwidth Amplifier 



TL/H/9153-12 


Noise-Gain Compensation for Gains ^5 

*f 



TL/H/91 53-11 

R X C X ^ (2tt«25 MHz) - 1 
5 R x = Ri + Rp(1 + R 1 /R 2 ) 
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LM6165/LM6265/LM6365 



National Semiconductor 


LM6165/LM6265/LM6365 
High Speed Operational Amplifier 


General Description 

The LM61 65 family of high-speed amplifiers exhibits an ex- 
cellent speed-power product in delivering 300 V/]u,s and 
725 MHz GBW (stable for gains as low as +25) with only 
5 mA of supply current. Further power savings and applica- 
tion convenience are possible by taking advantage of the 
wide dynamic range in operating supply voltage which ex- 
tends all the way down to + 5V. 

These amplifiers are built with National’s VIP™ (Vertically 
Integrated PNP) process which produces fast PNP transis- 
tors that are true complements to the already fast NPN de- 
vices. This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 300 V/juts 

■ High GBW product 725 MHz 

■ Low supply current 5 mA 

■ Fast settling 80 ns to 0.1% 

■ Low differential gain <0.1% 

■ Low differential phase <0.1° 

■ Wide supply range 4.75V to 32V 

■ Stable with unlimited capacitive load 

Applications 

■ Video amplifier 

■ Wide-bandwidth signal conditioning 

■ Radar 

■ Sonar 


Connection Diagrams 


10-Lead Flatpak 
Top View 



TL/H/9152-14 


Order Number LM6165W/883 
See NS Package Number W10A 


20-Lead LCC 
Top View 



Order Number LM6165E/883 
See NS Package Number E20A 


Temperature Range 

Package 

NSC 

Drawing 

Military 

— 55°C £ T A ^ +125°C 

industrial 

— 25°C £ T a £ + 85°C 

Commercial 

0°C <;T a £ + 70°C 


LM6265N 

LM6365N 

8-Pin 

Molded DIP 

N08E 

LM6165J/883 
5962-8962501 PA 



8-Pin 

Ceramic DIP 

J08A 



LM6365M 

8-Pin Molded 
Surface Mt. 

M08A 

LM6165E/883 
5962-8962501 2A 



20-Lead 

LCC 

E20A 

LM6165W883 
5962-8962501 HA 



10-Pin 

Ceramic Flatpak 

W10A 


Vos 

Adjust V* V 0UT n/C 



Adjust ^put input 

TL/H/9152-8 


Order Number LM6165J/883 
See NS Package Number J08A 

Order Number LM6365M 
See NS Package Number M08A 

Order Number LM6265N or 
LM6365N 

See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (V+ - V~) 36V 

Differential Input Voltage (Note 6) ± 8V 

Common-Mode Voltage Range 
(Note 10) (V+ - 0.7V) to (V~ - 7V) 

Output Short Circuit to GND (Note 1 ) Continuous 


Soldering Information 

Dual-In-Line Package (N, J) 

Soldering (10 sec.) 260°C 

Small Outline Package (M) 

Vapor Phase (60 sec.) 21 5° C 

Infrared (1 5 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

Storage T emp Range - 65°C to + 1 50°C 

Max Junction Temperature (Note 2) 1 50°C 

ESD T olerance (Notes 6 and 7) ± 700V 


Operating Ratings 

Temperature Range (Note 2) 
LM6165, LM6165J/883 
LM6265 
LM6365 

Supply Voltage Range 


— 55°C <; Tj <; + 1 25°C 
— 25°C ^ Tj <£ + 85°C 
0°C ^ Tj ^ + 70°C 
4.75V to 32V 


DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 1 5V, Vqm = 0, R|_ ^ 1 00 kft and R$ = 50fl unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin t0 t MAx: all other limits t a - T J = 25°C. 






LM6165 

LM6265 

LM6365 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Limit 

Units 




| 

(Notes 3, 11) 

(Note 3) 

(Note 3) 


Vos 

Input Offset Voltage 


! 

1 

3 

3 

6 

mV 




4 

4 

7 

Max 

Vos 

Input Offset Voltage 


3 




juV/°C 

Drift 

Average Drift 






lb 

Input Bias Current 


2.5 

3 

3 

5 

juA 




6 

5 

6 

Max 

•os 

Input Offset Current 


150 

350 

350 

1500 

nA 




800 

600 

1900 

Max 

•os 

Input Offset Current 


0.3 




nA/°C 

Drift 

Average Drift 





Rin 

Input Resistance 

Differential 

20 




kn 

C IN 

Input Capacitance 


6.0 




PF 

a vol 

Large Signal 

Vout = ±10V, 

10.5 

7.5 

7.5 

5.5 

V/mV 

Min 


Voltage Gain 

R l = 2 kH 

5.0 

6.0 

5.0 


(Note 9) 

R L = 10 kn 

38 




V CM 

Input Common-Mode 

Supply = ± 1 5 V 

+ 14.0 

+ 13.9 

+ 13.9 

+ 13.8 

V 


Voltage Range 


+ 13.8 

+ 13.8 

+ 13.7 

Min 




-13.6 

-13.4 

-13.4 

-13.3 

V 




- 13.2 

- 13.2 

- 13.2 

Min 



Supply = + 5V 

4.0 

3.9 

3.9 

3.8 

V 



(Note 4) 

3.8 

3.8 

3.7 

Min 




1.4 

1.6 

1.6 

1.7 

V 




1.8 

1.8 

1.8 

Max 

CMRR 

Common-Mode 

-10V ^ V C m ^ +10V 

102 

88 

88 

80 

dB 


Rejection Ratio 


82 

84 

78 

Min 

PSRR 

Power Supply 

+ 10V ^ V± ^ ± 16V 

104 

88 

88 

80 

dB 


Rejection Ratio 


82 

84 

78 

Min 

Vo 

Output Voltage 

Supply = ± 1 5V, 

+ 14.2 

+ 13.5 

+ 13.5 

+ 13.4 

V 


Swing 

R l =t 2 kfL 

+ 13.3 

+ 13.3 

+ 13.3 

Min 




-13.4 

-13.0 

-13.0 

-12.9 

V 




- 12.7 

- 12.8 

- 12.8 

Min 
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LM6165/LM6265/LM6365 


DC Electrical Characteristics (Continued) ^ ' 

The following specifications apply for Supply Voltage = ± 1 5V, Vqm =* 0, R|_ ^ 100 kft and Rs : 
Boldface limits apply for Ta = Tj - Tmin to T Max‘> al1 other limits Ta = Tj = 25°C. 


50ft unless otherwise noted. 


Symbol 


Vo 

(Continued) 


Output Voltage 
Swing (Continued) 


Conditions 


Supply = + 5V 
R L = 2 kft (Note 4) 


Output Short 

Circuit Current 

Source 


Sink 

Supply Current 



Limit 

(Notes 3,11) 

3.5 

3.3 


Limit 
(Note 3) 


Limit 
(Note 3) 



AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vcm = 0, R|_ ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin to t max‘> a " other limits t a = Tj = 25°C. (Note 5) 



Gain Bandwidth 


LM6165 

LM6265 

LM6365 

Limit 

Limit 

Limit 

(Notes 3, 11) 

(Note 3) 

(Note 3) 

575 

575 

500 




inp-p 1 Input Noise Current | F— 10 kHz | 1.5 | 

Note 1: Continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 2: The typical junction-to-ambient thermal resistance of the molded plastic DIP (N) is 1 05°C/Watt, and the molded plastic SO (M) package is 1 55°C/Watt, and 
the cerdip (J) package is 125°C/Watt. All numbers apply for packages soldered directly into a printed circuit board. 

Note 3: All limits guaranteed by testing or correlation. 

Note 4: For single supply operation, the following conditions apply: V+ = 5V, V- = 0V, V CM = 2.5C, Vout “ 2.5V. Pin 1 & Pin 8 (Vqs Adjust) are each 
connected to Pin 4 (V-) to realize maximum output swing. This connection will degrade Vos- 
Note 5: C L £ 5 pF. 

Note 6: In order to achieve optimum AC performance, the input stage was designed without protective clamps. Exeeding the maximum differential input voltage 
results in reverse breakdown of the base-emitter junction of one of the input transistors and probable degradation of the input parameters (especially Vos. los. and 
Noise). 

Note 7: The average voltage that the weakest pin combinations (those involving Pin 2 or Pin 3) can withstand and still conform to the datasheet limits. The test 
circuit used consists of the human body model of 100 pF in series with 1500ft. 

Note 8: Vin = 0.8V step. For supply = ±5V, Vin = 0.2V step. 

Note 9: Voltage Gain is the total output swing (20V) divided by the input signal required to produce that swing. 

Note 10: The voltage between V+ and either input pin must not exceed 36V. 

Note 11: A military RETS electrical test specification is available on request. At the time of printing, the LM6165J/883 RETS spec complied with the Boldface 
limits in this column. The LM6165J/883 may also be procured as Standard Military Drawing #5962-8962501 PA. 
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Typical Performance Characteristics R|_ = 10 kH, Ta = 25°C unless otherwise specified 


I 

I 

I 


Supply Current vs 
Supply Voltage 



2 4 6 8 10 12 14 16 18 

1 SUPPLY VOLTAGE 


Common-Mode 
Rejection Ratio 

120 
100 
80 
60 
40 
20 
0 

10 100 Ik 10k 100k 1M 10M 



Power Supply 
Rejection Ratio 







□ 

_ 

_ 

_ 



rosrnvE 




NEG 

kTIVE > 



“1 







1 




_ 







1 10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Gain-Bandwidth 



2 4 6 8 10 12 14 16 18 

1 SUPPLY VOLTAGE (V) 


Propagation Delay, 
Rise and Fall Times 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Gain-Bandwidth Product vs 
Load Capacitance 



10pF lOOpF InF 10nF lOOnF 1 /*F 


LOAD CAPACITANCE 


Slew Rate vs 
Load Capacitance 



Overshoot vs 
Capacitive Load 



10 pF lOOpF InF 10nF lOOnF 



2 4 6 8 10 12 14 16 18 

± SUPPLY VOLTAGE (V) 


Output Impedance 
(Open-Loop) 



Gain vs Supply Voltage 



2 4 6 8 10 12 14 16 18 

1 SUPPLY VOLTAGE (V) 


TL/H/9152-5 
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LM6 1 65/ LM6265/ LM6365 


Typical Performance Characteristics (Continued) 


Rl = 10 kft, Ta = 25°C unless otherwise specified 

Differential Gain (Note) 



Differential Phase (Note) 



TL/H/9152-7 

Note: Differential gain and differential phase measured for four series 
LIVI6365 op amps configured with gain of + 25 (each output attenuated by 
96%), in series with an LM6321 buffer. Error added by LM6321 is negligible. 
Test performed using Tektronix Type 520 NTSC test system. 


TL/H/9152-6 


Step Response; Av = +25 



5V ZmwH 100ns 



TL/H/9152-1 


TIME (50 (ns/div) 

Input Noise Voltage Input Noise Current 





0.1 1 10 100 
FREQUENCY (MHz) 

TL/H/9152-9 
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Typical Performance Characteristics (Continued) 

R|_ = 10 kH, Ta = 25°C unless otherwise specified 


Open-Loop 



Ik 10k 100k 1M 10M 100M 
FREQUENCY (Hz) 


Open-Loop 
Frequency Response 



1M 10M 100M 1G 

FREQUENCY (Hz) 


-o 

3: 

g 


Voltage Gain vs 



0.1 1 10 100 
LOAD RESISTANCE (kfl) 


Common-Mode Input 



1 SUPPLY VOLTAGE (V) 


Output Saturation Voltage 


8 -1 





















































Rl 

= 2 

:kSL 


6 8 10 12 M 16 18 

± SUPPLY VOLTAGE 


Bias Current vs 
Common-Mode Voltage 



-15 -10 -5 0 5 10 15 

COMMON-MODE VOLTAGE (V) 

TL/H/91 52-10 



TL/H/9152-3 
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LM6 1 65/LM6265/LM6365 


Applications Tips 

The LM6365 is stable for gains of 25 or greater. The 
LM6361 and LM6364, specified in separate datasheets, are 
compensated versions of the LM6365. The LM6361 is unity- 
gain stable, while the LM6364 is stable for gains as low as 
5. The LM6361, and LM6364 have the same high slew rate 
as the LM6365, typically 300 V/jws. 

To use the LM6365 for gains less than 25, a series resistor- 
capacitor network should be added between the input pins 
(as shown in the Typical Applications, Noise Gain Compen- 
sation) so that the high-frequency noise gain rises to at least 
25. 

Power supply bypassing will improve stability and transient 
response of the LM6365, and is recommended for every 
design. 0.01 julF to 0.1 jaF ceramic capacitors should be 


Typical Applications 


Offset Voltage Adjustment 


used (from each supply “rail” to ground); an additional 
2.2 jaF to 1 0 jutF (tantalum) may be required for extra noise 
reduction. 

Keep all leads short to reduce stray capacitance and lead 
inductance, and make sure ground paths are low-imped- 
ance, especially where heavier currents will be flowing. 
Stray capacitance in the circuit layout can cause signal cou- 
pling between adjacent nodes, and can cause circuit gain to 
unintentionally vary with frequency. 

Breadboarded circuits will work best if they are built using 
generic PC boards with a good ground plane. If the op amps 
are used with sockets, as opposed to being soldered into 
the circuit, the additional input capacitance may degrade 
circuit performance. 


Noise-Gain Compensation 



100k 


TL/H/9152-11 



TL/H/9152-12 


R X C X ^ 1/(27t • 25 MHz) 

[R1 + R F (1 + R1/R2)] = 25 R x : 


1 MHz Voltage-to-Frequency Converter 

(f0UT = 1 MHz for V| N = 10V) 



■ Output 


LM385-2.5 
2.2 ix? 


TL/H/9152-13 
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National Semiconductor 


LM6171 High Speed Low Power Low Distortion Voltage 
Feedback Amplifier 


General Description 

The LM6171 is a high speed unity-gain stable voltage feed- 
back amplifier. It offers a high slew rate of 3600V//xs and a 
unity-gain bandwidth of 100 MHz while consuming only 2.5 
mA of supply current. The LM6171 has very impressive AC 
and DC performance which is a great benefit for high speed 
signal processing and video applications. 

The ± 1 5V power supplies allow for large signal swings and 
give greater dynamic range and signal-to-noise ratio. The 
LM6171 has high output current drive, low SFDR and THD, 
ideal for ADC/DAC systems. The LM6171 is specified for 
± 5V operation for portable applications. 

The LM6171 is built on National’s advanced VIPtm ill (Verti- 
cally Integrated PNP) complementary bipolar process. 


Features (Typical Unless Otherwise Noted) 

■ Easy-To-Use Voltage Feedback Topology 

■ Very High Slew Rate 

■ Wide Unity-Gain-Bandwidth Product 

■ -3 dB Frequency @ Ay = +2 

■ Low Supply Current 

■ High CMRR 

■ High Open Loop Gain 

■ Specified for ± 1 5V and ± 5V Operation 

Applications 

■ Multimedia Broadcast Systems 

■ Line Drivers, Switchers 

■ Video Amplifiers 

■ NTSC, PAL® and SECAM Systems 

■ ADC/DAC Buffers 

■ HDTV Amplifiers 

■ Pulse Amplifiers and Peak Detectors 

■ Instrumentation Amplifier 

■ Active Filters 


3600V/ jlis 
100 MHz 
62 MHz 
2.5 mA 
110 dB 
90 dB 


Typical Performance Characteristics 


Closed Loop Frequency Response 
vs Supply Voltage (Ay = + 1) 






L 






^s = 

±15 — 7 






/ 






/ 






J 


-V 

= H 

£ 2 . 75 - 




V S 

_ v s 

= ±10 


^7 1 




V S = 

*5^ 

1 1 






l \ 






\\ 


Frequency (Hz) TL/H/12336-; 


Large Signal 
Pulse Response 
A v = +1, V s = ±15 



TIME (20 ns/div) 


Connection Diagram Ordering Information 


8-Pin DIP/SO 



Top View 



Temperature Range 



Package 

Industrial 
— 40°C to +85°C 

Media 

nou 

Drawing 

8-Pin 

Molded DIP 

LM6171 AIN 

LM6171BIN 

Rails 

N08E 

8-Pin 

LM6171 AIM, LM6171BIM 

Rails 


Small Outline 

LM6171AIMX, LM6171BIMX 

Tape and Reel 

IVIUOn 
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LM6171 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

ESD Tolerance (Note 2) 2.5 kV 

Supply Voltage (V^-V~) 36V 

Differential Input Voltage (Note 11) ± 1 0V 

Common-Mode 

Voltage Range V+ -1.4VtoV~ + 1.4V 

Output Short Circuit to Ground (Note 3) Continuous 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Junction T emperature (Note 4) 1 50°C 


Operating Ratings (Note i> 

Supply Voltage 2.75V £ V+ £ 18V 

Junction Temperature Range 
LM6171AI, LM6171BI -40°C ^ Tj ^ +85°C 

Thermal Resistance (0ja) 

N Package, 8-Pin Molded DIP 108°C/W 

M Package, 8-Pin Surface Mount 1 72°C/W 


+ 15V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, 
V+ = +15V, V~ = -15V, Vcm = OV, and R|_ = 1 ka. Boldface limits apply at the temperature extremes 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6171AI 
Limit 
(Note 6) 

LM6171BI 
Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


1.5 

3 

5 

6 

8 

mV 

max 

TCVos 

Input Offset Voltage Average Drift 


6 



ju,V/°C 

Ib 

Input Bias Current 


1 

3 

4 

3 

4 

/xA 

max 

los 

Input Offset Current 


0.03 

2 

3 

2 

3 

fi A 
max 

Rin 

Input Resistance 

Common Mode 

40 



Mn 

Differential Mode 

4.9 



Ro 

Open Loop 

Output Resistance 


14 



a 

CMRR 

Common Mode 

Rejection Ratio 

V CM = ±10V 




dB 

min 

PSRR 

Power Supply 

Rejection Ratio 

V s = ± 15V- ±5V 

n 

85 

80 


— 

Vcm 

Input Common-Mode 

Voltage Range 

CMRR ;> 60 dB 

±13.5 



■ 

Av 

Large Signal Voltage 

Gain (Note 7) 

R L = 1 ka 

90 

80 

70 


dB 

min 

r l = 100 a 

83 

70 

60 

70 

60 

dB 

min 

Vo 

Output Swing 

r l = i ka 

13.3 

12.5 

12 

12.5 

12 

V 

min 

-13.3 

-12.5 

-12 


V 

max 

r l = 100a 

11.6 

9 

8.5 


V 

min 

-10.5 

-9 

- 8.5 

n 

V 

max 
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i 1 5V DC Electrical Characteristics (Continued) Unless otherwise specified, all limits guaranteed for 

Tj = 25°C, V+ = + 15V, V~ = -15V, Vqm = OV, and Rl = 1 k a. Boldface limits apply at the temperature extremes 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6171AI 
Limit 
(Note 6) 

LM6171BI 
Limit 
(Note 6) 

Units 


Continuous Output Current 
(Open Loop) (Note 8) 

Sourcing, Rl = 10011 

116 

90 

85 

90 

85 

mA 

min 


Sinking, Rl = 100H 

105 

90 

85 

90 

85 

mA 

max 


Continuous Output Current 

Sourcing, Rl = 10H 

100 



mA 

(in Linear Region) 

Sinking, Rl = 1011 

80 



mA 

isc 

Output Short 

Sourcing 

135 



mA 

Circuit Current 

Sinking 

135 



mA 

Is 

Supply Current 


2.5 

4 

4.5 

4 

4.5 

mA 

max 

i 15V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, 

V+ = + 15V, V - = -15V, Vqm = OV, and Rl = 1 kft. Boldface limits apply at the temperature extremes 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6171AI 
Limit 
(Note 6) 

LM6171BI 
Limit 
(Note 6) 

Units 

SR 

Slew Rate (Note 9) 

Ay = +2, V|N — 13 Vpp 

3600 



V/>s 

Ay = 4-2, V|n = 10 Vpp 

3000 



GBW 

Unity Gain-Bandwidth Product 


100 



MHz 

■I 

-3 dB Frequency 

Ay = +1 

160 



MHz 

Ay = +2 

62 



MHz 

4>m 

Phase Margin 


40 



deg 

1 

Settling Time (0.1 %) 

Ay = -1,V 0U T= ±5V 

r l = sooa 

35 



ns 


Propagation Delay 

V| N = ±5V, R l = 50011, 
Ay = -2 

6 



ns 

Ad 

Differential Gain (Note 10) 


0.03 



% 

4>d 

Differential Phase (Note 10) 


0.5 



deg 

e n 

Input-Referred 

Voltage Noise 

f = 1 kHz 

12 



nV 

>/Hz" 

■n 

Input-Referred 

Current Noise 

f = 1 kHz 

1 



pA 

a/Hz - 
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LM6171 


+ 5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, 
V+ = +5V, V~ = — 5 V, Vqm = OV, and Rl = 1 ka. Boldface limits apply at the temperature extremes 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6171AI 
Limit 
(Note 6) 

LM6171BI 
Limit 
(Note 6) 

Units 

Vos 

Input Offset Voltage 


1.2 

3 

5 

6 

8 

mV 

max 

TC.Vos 

Input Offset Voltage 

Average Drift 


4 



JLtV/°C 

■b 

Input Bias Current 


1 

2.5 

3.5 

2.5 

3.5 

jtxA 

max 

•os 

Input Offset Current 


0.03 

1.5 

2.2 

1.5 

2.2 

jjlA 

max 

r in 

Input Resistance 

Common Mode 

40 



Ma 

Differential Mode 

4.9 



Ro 

Open Loop 

Output Resistance 


14 



a 

CMRR 

Common Mode 

Rejection Ratio 

V CM = ±2.5V 

105 

80 

75 

75 

70 

dB 

min 

PSRR 

Power Supply 

Rejection Ratio 

V s = ± 1 5V to ±5V 

95 

85 

80 

80 

75 

dB 

min 

VcM 

Input Common-Mode 

Voltage Range 

CMRR ^ 60 dB 

±3.7 



V 

A V 

Large Signal Voltage 

Gain (Note 7) 

R L = 1 ka 

84 

75 

65 

75 

65 

dB 

min 

r l = iooa 

80 

70 

60 

70 

60 

dB 

min 

v 0 

Output Swing 

r l = i ka 

3.5 

3.2 

3 

3.2 

3 

V 

min 

-3.4 

-3.2 

-3 

-3.2 

-3 

V 

max 

r l = iooa 

3.2 

2.8 

2.5 

2.8 

2.5 

V 

min 

-3.0 

-2.8 

- 2.5 

-2.8 

- 2.5 

V 

max 


Continuous Output Current 
(Open Loop) (Note 8) 

Sourcing, Rl = 100a 

32 

28 

25 

28 

25 

mA 

min 

Sinking, Rl = 100a 

30 

28 

25 

28 

25 

mA 

max 

•sc 

Output Short 

Circuit Current 

Sourcing 

130 



mA 

Sinking 

100 



mA 

•s 

Supply Current 


2.3 

3 

3.5 

3 

3.5 

mA 

max 
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±5V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, 
V+ = +5V, V~ = — 5V, Vqm = OV, and Rl = 1 kn. Boldface limits apply at the temperature extremes 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM6171AI 
Limit 
(Note 6) 

LM6171BI 
Limit 
(Note 6) 

Units 

SR 

Slew Rate (Note 9) 

Ay = +2, V|n = 3.5 Vpp 

750 



V/jLlS 

GBW 

Unity Gain-Bandwidth 

Product 


70 



MHz 


-3 dB Frequency 

> 

< 

II 

+ 

130 



MHz 



A v = +2 

45 



4>m 

Phase Margin 


57 



deg 

ts 

Settling Time (0/1 %) 

A V = -1,V 0U T= + IV, 

R[_ = 500fl 

48 



ns 


Propagation Delay 

V| N = ±1V, r l - soon, 

A v = -2 

8 



ns 

Ad 

Differential Gain (Note 10) 


0.04 



% 

4>d 

Differential Phase (Note 10) 


0.7 



deg 

e n 

Input-Referred 

Voltage Noise 

f = 1 kHz 

11 



nV 

^|Hz 

■n 

Input-Referred 

Current Noise 

f = 1 kHz 

1 



PA 

VHz" 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 1 .5 kft in series with 1 00 pF. 

Note 3: Continuous short circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. 

Note 4: The maximum power dissipation is a function of Tj( max ), 0 ja, and Ta- The maximum allowable power dissipation at any ambient temperature is Pp = 
(Tj(max) _ T a )/0ja- All numbers apply for packages soldered direqtly into a PC board. 

Note 5: Typical Values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Large signal voltage gain is the total output swing divided by the input signal required to produce that swing. For Vs = ± 1 5V, Vout = - 5V. For Vs = 
+ 5V, V 0UT = ±1V. 

Note 8: The open loop output current is the output swing with the lOOfl load resistor divided by that resistor. 

Note 9: Slew rate is the average of the rising and falling slew rates. 

Note 10: Differential gain and phase are measured with Ay = +2, Vin = 1 Vpp at 3.58 MHz and both input and output 750 terminated. 

Note 11: Differential input voltage is measured at Vs = ±15V. 
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iupply Current (mA) 


Typical Performance Characteristics Unless otherwise noted, Ta 


Supply Current vs 
Supply Voltage 



0 5 10 15 20 

2.5 7.5 12.5 17.5 

Supply Vpltage (±V) 


Supply Current vs 
Temperature 



Temperature (°C) 


Input Bias Current 



-55-35 -15 5 25 45 65 85 105 125 


Input Offset Voltage vs 
Common Mode Voltage 
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Typical Performance Characteristics Unless otherwise noted, Ta = 25°C (Continued) 


Open Loop 
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Slew Rate vs 
Supply Voltage 
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5 T ypical Performance Characteristics unless otherwise noted, t a = 25°c (continued) 


Slew Rate vs 
Load Capacitance 


| Ay = +2 

/out ■ 20V P-P 
"4— V<; = ±15V 


0 100 200 300 400 500 
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Large Signal 
Pulse Response 
A v = -1,V S = + 15V 



Open Loop Output 
Impedance vs Frequency 
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Open Loop Output 
Impedance vs Frequency 
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Pulse Response 
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Pulse Response 
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Small Signal 
Pulse Response 
A v = — 1, V s = ± 15V 
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Pulse Response 
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Pulse Response 
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Typical Performance Characteristics Unless otherwise noted, Ta = 25°C (Continued) 


Small Signal 
Pulse Response 
A v = +1,V S = ±5V 



Small Signal 
Pulse Response 
A v = +2, V s = ± 15V 



Small Signal 
Pulse Response 
A v = +2,V S = ±5V 



TIME (20 ns/div) 


TIME (20 ns/div) 


Closed Loop Frequency 
Response vs Supply 
Voltage (Ay = + 1) 


Closed Loop Frequency 
Response vs Supply 
Voltage (Ay = + 2) 


Closed Loop Frequency 
Response vs Capacitive 
Load (Av = + 1) 
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Output (Vp_ p ) THD (%) 


Typical Performance Characteristics Unless otherwise noted, Ta = 25°C (Continued) 


Total Harmonic Distortion 
vs Frequency 
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Undistorted Output Swing 
vs Frequency 
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LM6171 Simplified Schematic 



TL/H/ 12336- 10 
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Application Information 
LM6171 Performance Discussion 

The LM6171 is a high speed, unity-gain stable voltage feed- 
back amplifier. It consumes only 2.5 mA supply current 
while providing a gain-bandwidth product of 100 MHz and a 
slew rate of 3600V/ ju-s. It also has other great features such 
as low differential gain and phase and high output current. 
The LM6171 is a good choice in high speed circuits. 

The LM61 71 is a true voltage feedback amplifier. Unlike cur- 
rent feedback amplifiers (CFAs) with a low inverting input 
impedance and a high non-inverting input impedance, both 
inputs of voltage feedback amplifiers (VFAs) have high im- 
pedance nodes. The low impedance inverting input in CFAs 
will couple with feedback capacitor and cause oscillation. 
As a result, CFAs cannot be used in traditional op amp cir- 
cuits such as photodiode amplifiers, l-to-V converters and 
integrators. 

LM61 71 Circuit Operation 

The class AB input stage in LM6171 is fully symmetrical and 
has a similar slewing characteristic to the current feedback 
amplifiers. In the LM6171 Simplfied Schematic, Q1 through 
Q4 form the equivalent of the current feedback input buffer, 
Re the equivalent of the feedback resistor, and stage A buff- 
ers the inverting input. The triple-buffered output stage iso- 
lates the gain stage from the load to provide low output 
impedance. 

LM6171 Slew Rate Characteristic 

The slew rate of LM6171 is determined by the current avail- 
able to charge and discharge an internal high impedance 
node capacitor. The current is the differential input voltage 
divided by the total degeneration resistor Re- Therefore, the 
slew rate is proportional to the input voltage level, and the 
higher slew rates are achievable in the lower gain configura- 
tions. 

When a very fast large signal pulse is applied to the input of 
an amplifier, some overshoot or undershoot occurs. By 
placing an external series resistor such as 1 kn to the input 
of LM6171 , the bandwidth is reduced to help lower the over- 
shoot. 

Layout Consideration 

PRINTED CIRCUIT BOARDS AND HIGH SPEED OP 
AMPS 

There are many things to consider when designing PC 
boards for high speed op amps. Without proper caution, it is 
very easy and frustrating to have excessive ringing, oscilla- 
tion and other degraded AC performance in high speed cir- 
cuits. As a rule, the signal traces should be short and wide 
to provide low inductance and low impedance paths. Any 
unused board space needs to be grounded to reduce stray 
signal pickup. Critical components should also be grounded 
at a common point to eliminate voltage drop. Sockets add 
capacitance to the board and can affect frequency perform- 
ance. It is better to solder the amplifier directly into the PC 
board without using any socket. 

USING PROBES 

Active (FET) probes are ideal for taking high frequency 
measurements because they have wide bandwidth, high in- 
put impedance and low input capacitance. However, the 
probe ground leads provide a long ground loop that will pro- 


duce errors in measurement. Instead, the probes can be 
grounded directly by removing the ground leads and probe 
jackets and using scope probe jacks. 

COMPONENTS SELECTION AND FEEDBACK RESISTOR 

It is important in high speed applications to keep all compo- 
nent leads short because wires are inductive at high fre- 
quency. For discrete components, choose carbon composi- 
tion-type resistors and mica-type capacitors. Surface mount 
components are preferred over discrete components for 
minimum inductive effect. 

Large values of feedback resistors can couple with parasitic 
capacitance and cause undesirable effects such as ringing 
or oscillation in high speed amplifiers. For LM6171, a feed- 
back resistor of 51 OH gives optimal performance. 

Compensation for Input 
Capacitance 

The combination of an amplifier’s input capacitance with the 
gain setting resistors adds a pole that can cause peaking or 
oscillation. To solve this problem, a feedback capacitor with 
a value 

C F > (Rg x Qn)/Rf 

can be used to cancel that pole. For LM6171, a feedback 
capacitor of 2 pF is recommended. Figure 1 illustrates the 
compensation circuit. 



FIGURE 1. Compensating for Input Capacitance 

Power Supply Bypassing 

Bypassing the power supply is necessary to maintain low 
power supply impedance across frequency. Both positive 
and negative power supplies should be bypassed individual- 
ly by placing 0.01 ju,F ceramic capacitors directly to power 
supply pins and 2.2 /xF tantalum capacitors close to the 
power supply pins. 

v+ 


IF^ 

I, 0.01 /zF 

11 □_ 


,, 0.01 nV 

Ih^L 


FIGURE 2. Power Supply Bypassing 
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Application Information (Continued) 
Termination 

In high frequency applications, reflections occur if signals 
are not properly terminated. Figure 3 shows a properly ter- 
minated signal while Figure 4 shows an improperly terminat- 
ed signal. 



20 ns/div 


TL/H/12336-14 

FIGURE 3. Properly Terminated Signal 



20 ns/div 


TL/H/12336-15 

FIGURE 4. Improperly Terminated Signal 

To minimize reflection, coaxial cable with matching charac- 
teristic impedance to the signal source should be used. The 
other end of the cable should be terminated with the same 
value terminator or resistor. For the commonly used cables, 
RG59 has 75fl characteristic impedance, and RG58 has 
50H characteristic impedance. 

Driving Capacitive Loads 

Amplifiers driving capacitive loads can oscillate or have ring- 
ing at the output. To eliminate oscillation or reduce ringing, 
an isolation resistor can be placed as shown below in Figure 
5. The combination of the isolation resistor and the load 
capacitor forms a pole to increase stablility by adding more 
phase margin to the overall system. The desired perform- 
ance depends on the value of the isolation resistor; the big- 
ger the isolation resistor, the more damped the pulse re- 
sponse becomes. For LM6171, a 50n isolation resistor is 
recommended for initial evaluation. Figure 6 shows the 
LM6171 driving a 200 pF load with the 500 isolation resis- 
tor. 



to Drive Capacitive Load 



100 ns/div 

TL/H/1 2336-1 6 

FIGURE 6. The LM6171 Driving a 200 pF Load 
with a 500 Isolation Resistor 

Power Dissipation 

The maximum power allowed to dissipate in a device is de- 
fined as: 

Pd = (Tj(max) “ t a)^JA 
Where Pp is the power dissipation in a device 

Tj(max) is the maximum junction temperature 
Ta is the ambient temperature 
0ja is the thermal resistance of a particular package 
For example, for the LM6171 in a SO-8 package, the maxi- 
mum power dissipation at 25°C ambient temperature is 
730 mW. 

Thermal resistance, 0ja, depends on parameters such as 
die size, package size and package material. The smaller 
the die size and package, the higher 0ja becomes. The 8- 
pin DIP package has a lower thermal resistance (108°C/W) 
than that of 8-pin SO (1 72°C/W). Therefore, for higher dissi- 
pation capability, use an 8-pin DIP package. 

The total power dissipated in a device can be calculated as: 
Pd = Pq + Pl 

Pq is the quiescent power dissipated in a device with no 
load connected at the output. Pj_ is the power dissipated in 
the device with a load connected at the output; it is not the 
power dissipated by the load. 

Furthermore, 

Pq = supply current X total supply voltage 
with no load 

Pl = output current x (voltage difference 
between supply voltage and output 
voltage of the same supply) 
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Application Information (Continued) 

For example, the total power dissipated by the LM6171 with 
Vs = ± 1 5V and output voltage of 1 0V into 1 kH load resis- 
tor (one end tied to ground) is 
Pd = Pq + P|_ 

= (2.5 mA) X (30V) + (10 mA) X (15V - 10V) 
= 75 mW + 50 mW 
= 125 mW 


Application Circuits 


Fast Instrumentation Amplifier 



V| N = V2 - VI 

if R6 = R2, R7 = R5 and R1 = R4 


Multivibrator 

R1 



2 ( R1CI "( 1 + 2 1 )) 


f = 4 MHz 


Pulse Width Modulator 


R1 



A design kit is available for the LM6171. The design kit con- 
tains: 

■ High Speed Evaluation Board 

■ LM6171 in 8-pin DIP Package 

■ LM6171 Datasheet 

■ Pspice Macromodel Diskette With the LM6171 Macro- 
model 

■ An Amplifier Selection Guide 

Pitch Pack 

A pitch pack is available for the LM6171. The pitch pack 
contains: * , " 

■ High Speed Evaluation Board 

■ LM6171 in 8-pin DIP Package 

■ LM6171 Datasheet 

■ Pspice Macromodel Diskette With the LM6171 Macro- 
model 

Contact your local National Semiconductor sales office to 
obtain a pitch pack. 
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National Semiconductor 


LM6181 100 mA, 100 MHz Current Feedback Amplifier 


General Description 

The LM6181 current-feedback amplifier offers an unparal- 
leled combination of bandwidth, slew-rate, and output cur- 
rent. The amplifier can directly drive up to 1 00 pF capacitive 
loads without oscillating and a 10V signal into a 50fl or 75H 
back-terminated coax cable system over the full industrial 
temperature range. This represents a radical enhancement 
in output drive capability for an 8-pin DIP high-speed amplifi- 
er making it ideal for video applications. 

Built on National’s advanced high-speed VIPtm || (Vertically 
Integrated PNP) process, the LM6181 employs current- 
feedback providing bandwidth that does not vary dramati- 
cally with gain; 100 MHz at Ay = -1, 60 MHz at Ay = 
-10. With a slew rate of 2000V/ juts, 2nd harmonic distortion 
of —50 dBc at 10 MHz and settling time of 50 ns (0.1 %) the 
LM6181 dynamic performance makes it ideal for data acqui- 
sition, high speed ATE, and precision pulse amplifier appli- 
cations. 


Features (Typical unless otherwise noted) 

■ Slew rate 2000 V/jus 

■ Settling time (0.1%) 50 ns 

■ Characterized for supply ranges ± 5V and ± 1 5V 

■ Low differential gain and phase error 0.05%, 0.04° 

■ High output drive ±10V into lOOfl 

■ Guaranteed bandwidth and slew rate 

■ Improved performance over EL2020, OP160, AD844, 
LT 1 223 and HA5004 

Applications 

■ Coax cable driver 

■ Video amplifier 

■ Flash ADC buffer 

■ High frequency filter 

■ Scanner and Imaging systems 


Typical Application 


820n 

820fl 


5(m R 50 a CABLE V|N 

Y_ v (2V/div) 

f— 'out 


V 0UT 

(2V/div) 



Cable Driver 


TIME (50ns/div) 


Connection Diagrams (For Ordering Information See Back Page) 


8-Pin Dual-In-Line Package (N)/ 
Small Outline (M-8) 


16-Pin Small Outline Package (M) 


INVERTING INPUT 


NON-INVERTING INPUT 



* V- 

INVERTING INPUT 
NON-INVERTING INPUT 

* V- 


*Heat sinking 
pins (Note 3) N/ C 


Order Number LM6181IN, LM6181AIN, 
LM6181AMN, LM6181AIM-8, LM6181IM-8 
or LM6181AMJ/883 

See NS Package Number J08A, M08A or N08E 



Order Number LM6181IM or LM6181AIM 
See NS Package Number M16A 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage •fc18V 

Differential I nput Voltage ± 6 V 

Input Voltage ± Supply Voltage 

Inverting Input Current 15 mA 

Soldering Information 

Dual-In-Line Package (N) Soldering (10 sec) 260°C 
Small Outline Package (M) 

Vapor Phase (60 seconds) 215°C 

Infrared (15 seconds) 220°C 


Output Short Circuit 
Storage Temperature Range 
Maximum Junction Temperature 
ESD Rating (Note 2) 


(Note 7) 

-65°C^Tj^ + 1 50°C 
150°C 
± 3000V 


Operating Ratings 

Supply Voltage Range 
Junction T emperature Range (Note 3) 

LM6181 AM -55°C ^ Tj <; +125°C 

LM6181AI, LM6181I 
Thermal Resistance (0ja» 0jc) 

8-pin DIP (N) 

8-pin SO (M-8) . 

16-pin SO (M) 


7V to 32V 


-40°C k Tj £ +85°C 

1 02°C/W, 42°C/W 
1 53°C/W, 42°C/W 
70°C/W, 38°C/W 


± 15V DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 1 5V, Rp = 820ft, and Rl = 1 kft unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LM6181AM 

LM6181AI 

LM6181I 

Units 

Typical 
(Note 4) 

Limit 
(Note 5) 

Typical 
(Note 4) 

Limjt 
(Note 5) 

Typical 
(Note 4) 

Limit 
(Note 5) 

Vos 

Input Offset Voltage 


2.0 

3.0 

2.0 

3.0 

3.5 

5.0 

mV 





4.0 


3.5 



max 

TCVos 

Input Offset Voltage Drift 


5.0 


5.0 


5.0 


jnV/°C 

•b 

Inverting Input Bias Current 


2.0 

5.0 

2.0 

5.0 

5.0 

10 






12.0 


12.0 


17.0 

juA 


Non-Inverting Input Bias Current 


0.5 

1.5 

0.5 

1.5 

2.0 

3.0 

max 


l • "* ;*». \ 'l 



3.0 


3.0 


5.0 


TCIb 

Inverting Input Bias Current Drift 


30 


30 


30 




Non-Inverting Input Bias 


10 


10 


10 


nA/°C 


Current Drift 









•b 

Inverting Input Bias Current 

Vs - ± 4.5V, ± 16V 

0.3 

0.5 


0.5 

0.3 

0.75 


PSR 

Power Supply Rejection 



3.0 


3.0 


4.5 



Non Inverting Input Bias Current 

V S = ±4.5V, ± 16V 

0.05 

0.5 

0.05 

0.5 

0.05 

0.5 



Power Supply Rejection 



1.5 


1.5 


3.0 

juA/V 

•b 

Inverting Input Bias Current 

-10V ^ V C m^ +10V 

0.3 

0.5 

0.3 

0.5 

0.3 

0.75 

max 

CMR 

Common Mode Rejection 



0.75 


0.75 


1 "° 



Non-Inverting Input Bias Current 

-10V ^ V CM ^ +10V 

0.1 

0.5 

0.1 

0.5 

0.1 

0.5 



Common Mode Rejection 



0.5 


0.5 


0.5 


CMRR 

Common Mode Rejection Ratio 

-10V ^ V C m^ +10V 

60 

50 

60 

50 

60 

50 

dB 





50 


50 


50 

min 

PSRR 

Power Supply Rejection Ratio 

V S = ±4.5V, ± 16V 

80 

70 

80 

70 

80 

70 

dB 





70 


70 


65 

min 

Ro 

Output Resistance 

A v = — 1, f = 300 kHz 

0.2 


0.2 


0.2 


ft 

Rin 

Non-Inverting Input Resistance 


10 


10 


10 


Mft 










min 

v 0 

Output Voltage Swing 

R l = 1 kft 

12 

11 

12 

11 

12 

11 






11 


11 


11 

V 



R L = 100ft 

11 

10 

11 

10 

11 

10 

min 





7.5 


8.0 


8.0 


•sc 

Output Short Circuit Current 


130 

100 

130 

100 

130 

100 

mA 





75 


85 


85 

min 
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+ 15V DC Electrical Characteristics (Continued) 


The following specifications apply for Supply Voltage = ± 15V, Rp = 820H, and R|_ = 1 kn unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 





LM6181AM 

LM6181AI 

LM6181I 


Symbol 

Parameter 

Conditions 

Typical 

Limit 

Typical 

Limit 

Typical 

Limit 

Units 




(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 

(Note 4) 

(Note 5) 


z T 

Transimpedance 

R|_ = 1 kn 

1.8 

1.0 

1.8 

1.0 

1.8 

0.8 






0.5 


0.5 


0.4 

Mn 



r l = iooa 

1.4 

0.8 

1.4 

0.8 

1.4 

0.7 

min 





0.4 


0.4 


0.35 


Is 

Supply Current 

No Load, Vo = OV 

7.5 

10 

7.5 

10 

7.5 

10 

mA 





10 


10 


10 

max 

V CM 

Input Common Mode 


V+ - 1.7V 


V+ - 1.7 V 


V+ - 1.7V 


v 


Voltage Range 


V- + 1.7V 


V- + 1.7V 


V- + 1.7V 




± 15V AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ±15V, Rp = 820fl, R[_ = 1 kfl unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LM6181AM 

LM6181AI 

LM6181I 

Units 

Typical 
(Note 4) 

Limit 
(Note 5) 

Typical 
(Note 4) 

Limit 
(Note 5) 

Typical 
(Note 4) 

Limit 
(Note 5) 

BW 

Closed Loop Bandwidth 
—3 dB 

A v = +2 

100 


100 


100 


MHz 

min 

A v = +10 

80 


80 


80 


A v = -1 

100 

80 

100 

80 

100 

80 

A v = -10 

60 


60 


60 


PBW 

Power Bandwidth 

Av = — 1 , Vq = 5 Vpp 

60 


60 


60 


SR 

Slew Rate 

Overdriven 

2000 


2000 


2000 


V/jmS 

min 

A v = — 1 . V 0 = ±10V, 
R L = 1 50ft (Note 6) 

1400 

1000 

1400 

1000 

1400 

1000 


Settling Time (0.1 %) 

A v = -1, Vq = + 5V 

R L = 150H 

50 


50 


50 


ns 

tr.tf 

Rise and Fall Time 

Vq = 1 Vpp 

5 


5 


5 



Propagation Delay Time 

CL 

0- 

> 

II 

>° 

6 


6 


6 


«n(+) 

Non-Inverting Input Noise 
Current Density 

f = 1 kHz 

3 


3 


3 


pA/VHz 

'n(-) 

Inverting Input Noise 

Current Density 

f = 1 kHz 

16 


16 


16 


pA/VFlz 

c 

0 

Input Noise Voltage Density 

f = 1 kHz 

4 


4 


4 


nV/>/Hz 


Second Harmonic Distortion 

2 Vpp, 10 MHz 

-50 


-50 


-50 


dBc 


Third Harmonic Distortion 

2 Vpp, 10 MHz 

-55 




-50 



Differential Gain 

R L = 150H 

A v = +2 

NTSC 

0.05 




1 ^^ 

■ 

% 


Differential Phase 

R l = 150H 

A v = +2 

NTSC 

0.04 

■ 


■ 

|Q| 


Deg 
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LM6181 


± 5V DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ±5V, Rp = 820ft, and R|_ = 1 kft unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 


Symbol Parameter Conditions 

Vqs Input Offset Voltage 

TCVqs Input Offset Voltage Drift 

Ib Inverting Input 

Bias Current 

Non-Inverting Input 
Bias Current 

TC Ib Inverting Input Bias 

Current Drift 

Non-Inverting Input 

Bias Current Drift 

Ib Inverting Input Bias Current Vs = ± 4.0V, ± 6.0V 

PSR Power Supply Rejection 


Typical Limit Typical 
(Note 4) (Note5) (Note 4) 

1.0 2.0 1.0 

3.0 




Non-Inverting Input 
Bias Current 
Power Supply Rejection 


Inverting Input Bias Qurren 
Common Mode Rejection 

Non-Inverting Input 
Bias Current 

Common Mode Rejection 


PSRR Power Supply 
Rejection Ratio 

Ro Output Resistance 

Rin Non-Inverting 

Input Resistance 


Output Voltage Swing 


Output Short 
Circuit Current 


Transimpedance 


V s = + 4.0V, ±6.0V 


-2.5V 

2 

£ 

VI 

<: +2.5V 

-2.5V 

^ V C M 

^ +2.5V 

> 

in 

cvi 

1 

2 

£ 

VI 

^ +2.5V 

V S = + 4.0V, 

±6.0V 

A V — - 

-1, f = 

300 kHz 


R L = 1 kft 
R L = 100ft 


R L =1 kft 
R L = 100ft 


Supply Current 

No Load, V 0 = 0V 

Input Common Mode 
Voltage Range 
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± 5V AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 5V, Rp = 820fl, and Rl = 1 kft unless otherwise noted. Boldface 
limits apply at the temperature extremes; all other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 

LM6181AM 

LM6181AI 

LM6181I 

Units 

Typical 
(Note 4) 

Limit 
(Note 5) 

Typical 
(Note 4) 

Limit 
(Note 5) 

Typical 
(Note 4) 

Limit 
(Note 5) 

BW 

Closed Loop Bandwidth -3 dB 

Ay = +2 

50 


50 


50 


MHZ 

min 

A v = +10 

40 


40 


40 


Ay = -1 

55 

35 

55 

35 

55 

35 

Ay = -10 

35 


35 


35 


PBW 

Power Bandwidth 

Ay = — 1 , Vq = 4 Vpp 

40 


40 


40 


SR 

Slew Rate 

Ay = — 1, Vq = ±2V, 
R l = 150H (Note 6) 

500 

375 

500 

375 

500 

375 

V/jLtS 

min 


Settling Time (0.1 %) 

Ay = -1, Vq = ±2V 
R L = 150H 

50 


50 


50 


ns 

tr.tf 

Rise and Fall Time 

Vo = 1 Vpp 

8.5 


8.5 


8.5 



Propagation Delay Time 

Vo = 1 Vpp 

8 


8 


8 


in(+) 

Non-Inverting Input Noise 
Current Density 

f = 1 kHz 

3 


3 


3 


pA/VHz 

'n(-) 

Inverting Input Noise 

Current Density 

f = 1 kHz 

16 


16 


16 


pA/VHz 

e n 

Input Noise Voltage Density 

f = 1 kHz 

4 


4 


4 


nV/i/Hz 


Second Harmonic Distortion 

2 Vpp, 10 MHz 

-45 


-45 


-45 


dBc 


Third Harmonic Distortion 

2 Vpp, 10 MHz 

-55 


-55 


-55 



Differential Gain 

R L = 150LI 

Ay = +2 

NTSC 

0.063 


0.063 


0.063 


% 


Differential Phase 

R L = 150H 

Ay = +2 

NTSC 

0.16 


0.16 


0.16 


Deg 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the device is intended to 
be functional, but device parameter specifications may not be guaranteed under these conditions. For guaranteed specifications and test conditions, see the 
Electrical Characteristics. 

Note 2: Human body modell 00 pF and 1.5 kft. 

Note 3: The typical junction-to-ambient thermal resistance of the molded plastic DIP(N) package soldered directly into a PC board is 102°C/W. The junction-to-am- 
bient thermal resistance of the S.O. surface mount (M) package mounted flush to the PC board is 70°C/W when pins 1 , 4, 8, 9 and 1 6 are soldered to a total 2 in 2 
1 oz. copper trace. The 16-pin S.O. (M) package must have pin 4 and at least one of pins 1 , 8, 9, or 1 6 connected to V~ for proper operation. The typical junction- 
to-ambient thermal resistance of the S.O. (M-8) package soldered directly into a PC board is 153°C/W. 

Note 4: Typical values represent the most likely parametric norm. 

Note 5: All limits guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type). 

Note 6: Measured from + 25% to + 75% of output waveform. 

Note 7: Continuous short circuit operation at elevated ambient temperature can result in exceeding the maximum allowed junction temperature of 150°C. Output 
currents in excess of ±130 mA over a long term basis may adversely affect reliability. 

Note 8: For guaranteed Military Temperature Range parameters see RETS6181X. 
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Typical Performance Characteristics Ta = 25°C unless otherwise noted 


CLOSED-LOOP 
FREQUENCY RESPONSE 
V s = ± 15V; R f - 8200; 
R£ = 1 kO 



UNIT GAIN 

FREQUENCY RESPONSE 
V s = ±5V;A V = +1; 

R f = 8200 
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INVERTING GAIN 
FREQUENCY RESPONSE 
V s = ± 15V; Ay = -1; 

R f = 8200 



NON-INVERTING GAIN 
FREQUENCY RESPONSE 
V s = ± 5V; A v = +2; 

R f = 8200 



CLOSED-LOOP 
FREQUENCY RESPONSE 
V s = ±l5V;R f = 8200; 
R l = 1500 



FREQUENCY RESPONSE 
vs SUPPLY VOLTAGE 
A v = — 1; Rf = 8200; 

R L = 1 kO 
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INVERTING GAIN 
FREQUENCY RESPONSE 
V S = ±15V;Ay= -10; 
R f = 8200 



UNITY GAIN 

FREQUENCY RESPONSE 
V s = ± 15V; Ay = +1; 

R f = 8200 



FREQUENCY RESPONSE 
vs SUPPLY VOLTAGE 
Ay = — 1; R f = 8200; 

R l = 1500 
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Typical Performance Characteristics Ta = 25°C unless otherwise noted (Continued) 


non-inverting gain 

FREQUENCY RESPONSE 


V s = ± 15V; Ay = +10; 



o° 

45® 

90® 

135® 

180® 


1M 10M 100M 


NON-INVERTING GAIN 
FREQUENCY RESPONSE 


V s = ±5V; Ay = +10; 
R f = 820ft 




1M 10M 100M 


NON-INVERTING GAIN 
FREQUENCY COMPENSATION 
V s = ± 15V; Ay = +2; 

R l = 150ft 


*F = 1.! 




kft 



1 "t n ii 

Rp = 1.3 

rntf^s 



kft 



1 III 

Rp = 1.C 

mr^ ; 
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BANDWIDTH vs R f & R s 
A v — -1,Rl = 1 kft 


OUTPUT SWING vs 
RLOAD PULSED, V s = ± 15V, 
l,N= ±200^A,V IN+ =0V 



Rf & Rs (kft) 


R LOAD (ft) 


TRANSIMPEDANCE 
vs FREQUENCY 
V s = ± 15V 
R l = 1 kft 



TRANSIMPEDANCE 
vs FREQUENCY 
V s = + 15V 
R L = 100ft 



Ik 10k 100k 1M 10M 100M 


TRANSIMPEDANCE 
vs FREQUENCY 
V S = ±5V 



Ik 10k 100k 1M 10M 100M 


TRANSIMPEDANCE 
vs FREQUENCY 
V S = +5V 
R l = 100ft 



Ik 10k 100k 1M 10M 100M 


SETTLING RESPONSE 
V s = ±15 V;R l = 150ft; 
V 0 = ±5V;A v = -1 

57 mV 


FALLING 
EDGE 10 mV 
/DIV 


RISING 

EDGE 


-43 mV 

-19.6 ns 20 ns/div 180.4 ns 
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SETTLING RESPONSE 
V s - ±5 V;R l = 150ft; 
V 0 = ±2V;A v = -1 
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FALLING 
EDGE 5 mV 
/DIV 


RISING 

EDGE 
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Jo Typical Performance Characteristics ta = 25 °c unless otherwise noted (continued) 


SUGGESTED R f 
and Rs FOR Cl 
A y = -1 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Rf 4 Rs (kft) 


SUGGESTED R f 
and Rs FOR Cl 
Ay = +2;R l = 150ft 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Rf 4 Rs (kfl) 


SUGGESTED R f 
and Rs FOR Cl 
A v = f,2 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Rf 4 Rs (kfl) 


OUTPUT IMPEDANCE vs FREQ 
V s = ± 15V; Ay - - 1 
R f = 820ft 



2 20 200 
FREQUENCY (MHz) 


OUTPUT IMPEDANCE vs FREQ 
V s = ± 5V; Ay = -1 
R f = 820ft 



2 20 200 
FREQUENCY (MHz) 


PSRR (V S +) VS FREQUENCY 
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PSRR (V s -) vs FREQUENCY 



Ik 10k 100k 1M 10M 100M 
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CMRR vs FREQUENCY 
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INPUT VOLTAGE NOISE 
vs FREQUENCY 
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SLEW RATE vs 
TEMPERATURE Ay = -1; 
R l = 150ft, V s - ± 15V 



-40-20 0 20 40 60 80 100 120 
' TEMPERATURE (°C) 


SLEW RATE vs 
TEMPERATURE Ay = -1; 
R l = 150ft, V s = ±5V 
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TEMPERATURE (°C) 
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Typical Performance Characteristics Ta = 25°C unless otherwise noted (Continued) 


-3 dB BANDWIDTH 
vs TEMPERATURE 
A v = -1 



SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = + 1 



-60 -40 -20 0 20 40 60 80 100 120 


TEMPERATURE (°C) 


SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = + 1 


V s = ± 15V; R l = 100ft 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = + 1 
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SMALL SIGNAL PULSE 
RESPONSE vs TEMP, Ay = -1 
V s = ± 15V; Rl = 100ft 
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V s = ±5 V;R l = 1 kft 
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Typical Performance Characteristics Ta = 25°C unless otherwise noted (Continued) 


TRANSIMPEDANCE vs 



j.v ■ 
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QUIESCENT CURRENT 
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CMRR vs TEMPERATURE 



TEMPERATURE (®C) 


NON-INVERTING BIAS 
CURRENT vs TEMPERATURE 
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INVERTING BIAS 
CURRENT vs TEMPERATURE 
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PSR l B( +) 
vs TEMPERATURE 


= ±15V TO ±5V 
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T y pical Performance Characteristics 


*0JA 


Absolute Maximum Power Derating Curves 



-60 -40 -20 0 20 40 60 80 100 120 140 

T a AMBIENT TEMP (°C) 

TL/H/1 1328-30 

N-Package 
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M-Package 

Thermal Resistance with 2 square inches of 1 ounce Copper tied to Pins 1, 8, 9 and 16. 
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Typical Applications 

CURRENT FEEDBACK TOPOLOGY 

For a conventional voltage feedback amplifier the resulting 
small-signal bandwidth is inversely proportional to the de- 
sired gain to a first order approximation based on the gain- 
bandwidth concept. In contrast, the current feedback ampli- 
fier topology, such as the LM61 81 , transcends this limitation 
to offer a signal bandwidth that is relatively independent of 
the closed-loop gain. Figures la and 1b illustrate that for 
closed loop gains of -1 and -5 the resulting pulse fidelity 
suggests quite similar bandwidths for both configurations. 


V()UT 

(O.IV/div) 



TL/H/1 1328-12 


la 



FIGURES la, 1b: Variation of Closed Loop Gain 
from - 1 to -5 Yields Similar Responses 


The closed-loop bandwidth of the LM6181 depends on the 
feedback resistance, Rf. Therefore, R$ and not Rf, must be 
varied to adjust for the desired closed-loop gain as in 
Figure 2. 



TL/H/1 1328-14 

FIGURE 2. Rs Is Adjusted to Obtain 
the Desired Closed Loop Gain, AycL 

POWER SUPPLY BYPASSING AND LAYOUT 
CONSIDERATIONS 

A fundamental requirement for high-speed amplifier design 
is adequate bypassing of the power supply. It is critical to 
maintain a wideband low-impedance to ground at the ampli- 
fiers supply pins to insure the fidelity of high speed amplifier 
transient signals. 10 juF tantalum and 0.1 jaF ceramic by- 
pass capacitors are recommended for each supply pin. The 
bypass capacitors should be placed as close to the amplifier 
pins as possible (0.5" or less). 

FEEDBACK RESISTOR SELECTION: R f 

Selecting the feedback resistor, Rf, is a dominant factor in 
compensating the LM6181. For general applications the 
LM6181 will maintain specified performance with an 820ft 
feedback resistor. Although this value will provide good re- 
sults for most applications, it may be advantageous to ad- 
just this value slightly. Consider, for instance, the effect on 
pulse responses with two different configurations where 
both the closed-loop gains are 2 and the feedback resistors 
are 820ft, and 1 640ft, respectively. Figures 3a and 3b illus- 
trate the effect of increasing Rf while maintaining the same 
closed-loop gain — the amplifier bandwidth decreases. Ac- 
cordingly, larger feedback resistors can be used to slow 
down the LM6181 (see — 3 dB bandwidth vs Rf typical 
curves) and reduce overshoot in the time domain response. 
Conversely, smaller feedback resistance values than 820ft 
can be used to compensate for the reduction of bandwidth 
at high closed loop gains, due to 2nd order effects. For 
example Figure 4 illustrates reducing Rf to 500ft to estab- 
lish the desired small signal response in an amplifier config- 
ured for a closed loop gain of 25. 


V 0UT 
(0.5V/ div) 


(0.5V/div) 


TL/H/1 1328-1 5 

3a: Rf = 820ft 



TIME (20 ns/div) 
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Typical Applications (Continued) 



3b: R f = 1640H 


TL/H/1 1328-16 


FIGURES 3a, b: Increasing Compensation 
with Increasing Rf 


v 0UT 

(0.5V/div) 


V, N 

0.05V/div) 


TL/H/1 1328-17 

FIGURE 4: Reducing Rf for Large 
Closed Loop Gains, Rf = 500H 

SLEW RATE CONSIDERATIONS 

The slew rate characteristics of current feedback amplifiers 
are different than traditional voltage feedback amplifiers. In 
voltage feedback amplifiers slew rate limiting or non-linear 
amplifier behavior is dominated by the finite availability of 
the 1 st stage tail current charging the compensation capaci- 
tor. The slew rate of current feedback amplifiers, in contrast, 
is not constant. Transient current at the inverting input de- 
termines slew rate for both inverting and non-inverting 
gains. The non-inverting configuration slew rate is also de- 
termined by input stage limitations. Accordingly, variations 
of slew rates occur for different circuit topologies. 

DRIVING CAPACITIVE LOADS 

The LM6181 can drive significantly larger capacitive loads 
than many current feedback amplifiers. Although the 
LM6181 can directly drive as much as 100 pF without oscil- 
lating, the resulting response will be a function of the feed- 
back resistor value. Figure 5 illustrates the small-signal 
pulse response of the LM6181 while driving a 50 pF load. 
Ringing persists for approximately 70 ns. To achieve pulse 
responses with less ringing either the feedback resistor can 
be increased (see typical curves Suggested Rf and R s for 
Cl), or resistive isolation can be used (10ft-5in typically 
works well). Either technique, however, results in lowering 
the system bandwidth. 



Figure 6 illustrates the improvement obtained with using a 
47H isolation resistor. 

820 n 




FIGURES 5a, b: A v = - 1, LM6181 Can Directly 
Drive 50 pF of Load Capacitance with 70 ns 
of Ringing Resulting in Pulse Response 


8200 



6a 


TL/H/1 1328-20 



FIGURES 6a, b: Resistive Isolation of Cl 
P rovides Higher Fidelity Pulse Response. Rf 
and R§ Could Be Increased to Maintain Av = - 1 
and Improve Pulse Response Characteristics. 



2-291 


LM6181 



LM6181 


Typical Applications (Continued) 

CAPACITIVE feedback 

For voltage feedback amplifiers it is quite common to place 
a small lead compensation capacitor in parallel with feed- 
back resistance, Rf. This compensation serves to reduce 
the amplifier’s peaking in the frequency domain which 
equivalently tames the transient response. To limit the 
bandwidth of current feedback amplifiers, do not use a ca- 
pacitor across Rf. The dynamic impedance of capacitors in 
the feedback loop reduces the amplifier’s stability. Instead, 
reduced peaking in the frequency response, and bandwidth 
limiting can be accomplished by adding an RC circuit, as 
illustrated in Figure 7b. 




FIGURES 7a, ,b: RC Limits Amplifier 
Bandwidth to 50 MHz, Eliminating 
Peaking in the Resulting Pulse Response 


Typical Performance 
Characteristics 

OVERDRIVE RECOVERY 

When the output or input voltage range of a high speed 
amplifier iis exceeded, the amplifier must recover from an 
overdrive condition. The typical recovery times for open- 
loop, closed-loop, and input common-mode voltage range 
overdrive conditions are illustrated in Figures 9, 11 and 12, 
respectively. 

The open-loop circuit of Figure 8 generates an overdrive 
response by allowing the ±0;5V input to exceed the linear 
input range of the amplifier. Typical positive and negative 
overdrive recovery times shown in Figure 9 are 5 ns and 
25 ns, respectively. 



LM6 1 8 1 


5 on 




250n 


TL/H/1 1328-24 

FIGURE 8 


V|N 

(O.SV/div) 


V 0UT 

(2V/div) 


TIME (50 ns/div) 

TL/H/1 1328-25 

FIGURE 9. Open-Loop Overdrive Recovery Time of 5 ns, 
and 25 ns from Test Circuit in Figure 8 
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Typical Performance 
Characteristics (Continued) 

The large closed-loop gain configuration in Figure 10 forces 
the amplifier output into overdrive. Figure 11 displays the 
typical 30 ns recovery time to a linear output value. 



VOUT 

(5V/div) 


V IN 

(0.5V /div) 



TIME (50 ns/div) 


TL/H/ 11328-27 

FIGURE 11. Closed-Loop Overdrive Recovery 
Time of 30 ns from Exceeding Output 
Voltage Range from Circuit in Figure 10 


The common-mode input of the circuit in Figure 10 is ex- 
ceeded by a 5 V pulse resulting in a typical recovery time of 
310 ns shown in Figure 12. The LM6181 supply voltage is 
±5V. 



VOUT 

(2V/div) 


V|N 

(2V/div) 


TL/H/1 1328-28 

FIGURE 12. Exceptional Output 
Recovery from an Input that 
Exceeds the Common-Mode Range 



Ordering Information 



Temperature Range 

NSC 

Drawing 

Package 

Military 

— 55°C to + 125°C 

Industrial 
— 40°C to +85°C 

8-Pin 

Molded DIP 

LM6181AMN 

LM6181AIN 

LM6181IN 

N08E 

8-Pin Small Outline 

Molded Package 


LM61 81 AIM-8 

LM6181IM-8 

M08A 

16-Pin 

Small Outline 


LM6181 AIM 

LM6181IM 

M16A 

8-Pin 

Ceramic DIP 

LM6181AMJ/883 


J08A 



2-293 


LM6181 




LM6182 


National Semiconductor 


LM6182 Dual 

100 mA Output, 100 MHz Current Feedback Amplifier 


General Description 

The LM6182 dual current feedback amplifier offers an un- 
paralleled combination of bandwidth, slew-rate, and output 
current. Each amplifier can directly drive a 2V signal into a 
50ft or 75 ft back-terrninated coax cable system over the 
full industrial temperature range. This represents a radical 
enhancement in output drive capability for a dual 8-pin high- 
speed amplifier making it ideal for video applications. 

Built on National's advanced high-speed VIP II^m (Vertically 
Integrated PNP) process, the LM6182 employs current- 
feedback providing bandwidth that does not vary dramati- 
cally with gain; 100 MHz at Av = -1, 60 MHz at Av = 
- 1 0. With a slew rate of 2000 V/ju,sec, 2nd harmonic distor- 
tion of -50 dBc at 10 MHz and settling time of 50 ns 
(0.1 %), the two independent amplifiers of the LM6182 offer 
performance that is ideal for data acquisition, high-speed 
ATE, and precision pulse amplifier applications. 

See the LM6181 data sheet for a single amplifier with these 
same features. 


Features (Typical unless otherwise noted) 

■ Slew Rate 2000 V/jas 

■ Closed Loop Bandwidth 100 MHz 

■ Settling Time (0.1%) 50 ns 

■ Low Differential Gain and Phase Error 0.05%, 0.04° 
R l = 150ft 

■ Low Offset Voltage 2 mV 

■ High Output Drive ±10V into 150ft 

■ Characterized for Supply Ranges ± 5 V and ± 1 5V 

■ Improved Performance over OP260 and LT1229 

Applications 

■ Coax Cable Driver ' •«, ■ 

■ Professional Studio Video Equipment ; i a 

■ Flash ADC Buffer ^ ' , t 

■ PC and Workstation Video Boards 

■ Facsimile and Imaging Systems 
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Connection Diagrams 


Dual-ln-Line Package (J) 



Order Number LM6182AMJ/883 
See NS Package Number J14A 


TL/H/1 1926-51 


Small Outline Package (M) 



v" * 

OUTPUT 

N/C 

V + 

N/C 
N/C 
OUTPUT 
V" * 


*Heat Sinking Pins (Note 3) 

Order Number LM6182IM or LM6182AIM 
See NS Package Number M16A 


TL/H/1 1926-4 


Dual-ln-Line Package (N) 



- OUTPUT B 

-INVERTING INPUT B 

-NON-INVERTING INPUT B 


TL/H/1 1926-3 


Order Number LM6182IN, LM6182AIN or LM6182AMN 
See NS Package Number N08E 




LM6182 


Absolute Maximum Ratings (Note d 


If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ±18V 

Differential Input Voltage ±6V 


Input Voltage 
Inverting Input Current 
Output Short Circuit 
Soldering Information 
Dual-ln-Line Package (N) Soldering (10s) 


± Supply Voltage 
15 mA 
(Note 4) 

260°C 


Small Outline Package (M) 
Vapor Phase (60s) 

« Infrared (15s) 

Storage Temperature Range 
Junction Temperature 
ESD Rating (Note 2) 


215°C 

220°C 

— 65°C £ Tj <: + 1 50°C 
150°C 
± 2000V 


Operating Ratings 

Supply Voltage Range 7V to 32V 

Junction Temperature Range (Note 3) 

LM61 82AM - 55°C ^ Tj ^ + 1 25°C 

LM6182AI, LM6182I -40°C <; Tj <; + 85°C 


± 15V PC Electrical Characteristics The following specifications apply for supply voltage = ± 1 5V, 
Vcm = Vq = 0V, Rf = 8200, and Rl = 1 kO unless otherwise noted. Boldface limits apply at the temperature extremes; all 
other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LM6182AM 

LM6182AI 

LM6182I 

Units 

Limit 
(Note 6) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Vos 

Input Offset Voltage 


2.0 

3.0 

4.0 

3.0 

3.5 

5.0 

5.5 

mV 

max 

TCVos 

Input Offset Voltage Drift 


5.0 




JLtV/°C 

•b 

Inverting Input Bias Current 


2.0 

5.0 

12.0 

5.0 

12.0 

10.0 

17.0 

i > 

Non-Inverting Input Bias Current 


0.75 

2.0 

4.0 

2.0 

4.0 

3.0 

5.0 

TCIb 

Inverting Input Bias Current Drift 


30 




nA/°C 

Non-Inverting Input Bias Current Drift 


10 




•b 

PSR 

Inverting Input Bias Current 

Power Supply Rejection 

±4.5V ^ V s ^ ± 16V 

0,1 

0.5 

3.0 

0.5 

3.0 

0.75 

4.5 

/xA/V 

max 

Non-Inverting Input Bias Current 
Power Supply Rejection 

±4.5V <; v s <: ± 16V 

0.05 

0.5 

1.5 

0.5 

1.5 

0.5 

3.0 

<B 

CMR 

Inverting Input Bias Current 

Common Mode Rejection 

-lov ^ v C M ^ +iov 

0.15 

0.5 

1.0 

0.5 

1.0 

0.75 

1.5 

Non-Inverting Input Bias Current 
Common Mode Rejection 

-lov ^ v C m ^ +iov 

0.1 

0.5 

1.0 

0.5 

1.0 

0.5 

1.5 

CMRR 

Common Mode Rejection Ratio 

-lov <£ v C m ^ +10V 

60 

50 

47 

50 

47 

50 

47 

dB 

min 

PSRR 

Power Supply Rejection Ratio 

±4.5V£ V S ^ ±16V 

80 

70 

67 

70 

67 

70 

65 

dB 

min 

Ro 

Output Resistance 

A v = -1 
f = 300 kHz 

0.2 




o 

Rin 

Non-Inverting Input Resistance 


10 




mo 

v 0 

Output Voltage Swing 

R L = 1 kn 

12 

11 

10 

11 

10 

11 

10 

V 

min 

R l = 1500 

11 

9.5 

5.6 

9.5 

6.0 

9.5 

6.0 
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+ 15V DC Electrical Characteristics (Continued) The following specifications apply for supply voltage = 
± 1 5V, Vcm. = Vq = OV, Rf = 820a, and R|_ = 1 kfl unless otherwise noted. Boldface limits apply at the temperature 
extremes; all other limits Tj = 25°C. 





Typical 
(Note 5) 

LM6182AM 

LM6182AI 

LM6182I 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 

(Note 6) 


•sc 

Output Short Circuit Current 


100 

70 

70 

70 

mA 




37.5 

40 

40 

min 

Zt 

Transimpedance 

R L = 1 kO 

1.8 

1.0 

1.0 

0.8 





0.4 

0.5 

0.4 

MH 



R L = 1500 

1.4 

0.8 

0.8 

0.7 

min 




0.3 

0.35 

0.3 


Is 

Supply Current 

No Load, V| N = OV 

15 

20 

20 

20 

mA 



Both Amplifiers 

22 

22 

22 

max 

Vcm 

Input Common Mode Voltage Range 


V+-1.7V 
V- + 1.7V 




V 


±15V AC Electrical Characteristics The following specifications apply for supply voltage = + 15V, 
Vcm = Vq = OV, Rf = 8200, and Rl = 1 kO unless otherwise noted. Boldface limits apply at the temperature extremes; all 
other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 


LM6182AM 

LM6182AI 

LM61821 

Units 

Typical 
(Note 5) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Xt 

Crosstalk Rejection 

(Note 7) 

93 




dB 

BW 

Closed Loop Bandwidth -3 dB 

A v = +2 

100 




MHz 

A v = +10 

75 




A v = -1 

100 




A v = -10 

60 




Closed Loop Bandwidth 

0.1 dB Flat, Rsource = 200fl 

Av = +2, R|_ = 150H 

35 




PBW 

Power Bandwidth 

Av = — 1 , Vq — 5 Vpp 

60 




SR 

Slew Rate 

Overdriven 

2000 




V/jULS 

min 

A v = - 1 , V 0 = ±10V 
R l = 150H, (Note 8) 

1400 

1000 

1000 

1000 

ts 

Settling Time (0.1 %) 

A v = - 1 , V 0 = +5V 

R l = 150H 

50 




ns 


Rise and Fall Time 

Vo - 1 Vpp 

5 




US 

Propagation Delay Time 

Vo = 1 Vpp 

6 




in( + ) 

Non-Inverting Input Noise Current Density 

f = 1 kHz 

3 




pA/t/Hz 

in(-) 

Inverting Input Noise Current Density 

f = 1 kHz 

16 




pA/VHz 

e n 

Input Noise Voltage Density 

f = 1 kHz 

4 




nV/\/Hz 


Second Harmonic Distortion 

V 0 = 2V PP ,f = 10 MHz 
A v = +2 

-50 




dBc 


Third Harmonic Distortion 

V 0 = 2 Vpp, f = 10 MHz 
A v = +2 

-55 





Differential Gain 

R l = 150fl 

A v = +2, NTSC 

0.05 




% 


Differential Phase 

R l = 150H 

A v = +2, NTSC 

0.04 




Deg 

THD 

Total Harmonic Distortion 

Vq = 2 Vpp, Av — + 2, 
f = 10 MHz, R l = 150H 

0.58 




% 
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± 5V DC Electrical Characteristics The following specifications apply for supply voltage = ±5V, 
Vcm = Vq s = OV, Rf = 820fl, and Rl = 1 kfl unless otherwise noted. Boldface limits apply at the temperature extremes; all 
other limits Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typical 
(Note 5) 

LM6182AM 

LM6182AI 

LM6182I 

Units 

Limit 
(Note 6) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Vos 

Input Offset Voltage 

i 

1.0 

2.0 

3.0 

2.0 

2.5 

3.0 

3.5 

mV 

max 

TCVos 

Input Offset Voltage Drift 


2.5 




JLtV/°C 

le 

Inverting Input Bias Current 


5.0 

10 

22 

10 

22 

17.5 

27.0 

juA 

max 

Non-Inverting Input Bias Current 


0.25 

1.5 

3.0 

1.5 

3.0 

3.0 

5.0 

TCIb 

Inverting Input Bias Current Drift 


50 




nA/°C 

Non-Inverting Input Bias Current Drift 


3.0 




•b 

PSR 

Inverting Input Bias Current 

Power Supply Rejection 

±4V ^ V s ^ +6V 

0.3 

0.5 

1.0 

0.5 

1.0 

0.75 

1.5 

juA/V 

max 

Non-Inverting Input Bias Current 
Power Supply Rejection 

±4V^ V s ^ ±6V 

0.05 

0.5 

1.0 

0.5 

1.0 

0.5 

1.5 

•b 

CMR 

Inverting Input Bias Current 

Common Mode Rejection 

-2.5V ^ V C M > + 2.5V 

0.3 

0.5 

1.0 

0.5 

1.0 

i.o 

1.5 

Non-Inverting Input Bias Current 
Common Mode Rejection 

-2.5V ^ Vcm ^ +2.5V 

0.12 

0.5 

1.0 

0.5 

1.0 

0.5 

1.5 

CMRR 

Common Mode Rejection Ratio 

-2.5V ^ Vcm £ +2.5V 

57 

50 

47 

50 

47 

50 

47 

dB 

min 

PSRR 

Power Supply Rejection Ratio 

±4V^ V s ^ ±6V 

80 

70 

67 

70 

67 

64 

60 

Ro 

Output Resistance 

A v — —1 
f = 300 kHz 

0.25 




ft 

Rin 

Non-Inverting Input Resistance 


8 




M fl 

Vo 

Output Voltage Swing 

R L = 1 kfl 

2.6 

2.25 

2.0 

2.25 

2.0 

2.25 

2.0 

V 

min 

R L = 150H 

2.2 

2.0 

1.8 

2.0 

1.8 

2.0 

1.8 

isc 

Output Short Circuit Current 


100 

65 

35 

65 

40 

65 

40 

mA 

min 

Zj 

Transimpedance 

R L = 1 kH 

1.4 

0.75 

0.3 

0.75 

0.35 

0.6 

0.3 

Mft 

min 

R L = 150n 

1.0 

0.5 

0.2 

0.5 

0.25 

0.4 

0.2 

Is 

Supply Current 

No Load, V| N = 0V 

Both Amplifiers 

13 



17 

18.5 


v cm 







V 
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+ 5V AC Electrical Characteristics The following specifications apply for supply voltage = ±5V, 
Vcm = Vq = OV, Rf = 820(1, and R|_ = 1 k(l unless otherwise noted. Boldface limits apply at the temperature extremes; all 
other limits Tj = 25°C. 





Typical 
(Note 5) 

LM6182AM 

LM6182AI 

LM6182I 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

Xt 

Crosstalk Rejection 

(Note 7) 

92 




dB 

BW 

Closed Loop Bandwidth -3 dB 

A V = +2 

50 







A v = +10 

40 







A v = -1 

55 







A v = -10 

35 




MHz 


Closed Loop Bandwidth 

0.1 dB Flat, Rsource = 20011 

A v = +2, R l = 150(1 

15 





PBW 

Power Bandwidth 

Av — — 1 , Vo = 4 Vpp 

40 





SR 

Slew Rate 

A v = -1, V 0 = ±2V 

R L = 15011, (Note 8) 

500 

375 

375 

375 

V/jaS 

min 


Settling Time (0.1%) 

A v = -1, V 0 = +2V 

R L = 15011 

50 





tr.tf 

Rise and Fall Time 

Vo = 1 Vpp 

8.5 




ns 

l P 

Propagation Delay Time 

Vo = 1 Vpp 

8 





in(+) 

Non-Inverting Input Noise Current Density 

f = 1 kHz 

3 




pA/l/Hz 

in(-) 

Inverting Input Noise Current Density 

f = 1 kHz 

16 




pA/i/Hz 

e n 

Input Noise Voltage Density 

f = 1 kHz 

4 




nV/l/Hz 


Second Harmonic Distortion 

V 0 = 2 Vpp, f = 10 MHz 
A v = +2 

-45 




dBc 


Third Harmonic Distortion 

V 0 = 2 Vpp, f = 10 MHz 
A v = +2 

-55 





Differential Gain 

R l = 150(1 

A v = +2, NTSC 

0.06 




% 


Differential Phase 

R L = 15011 

A v = +2, NTSC 

0.16 




Deg 

THD 

Total Harmonic Distortion 

Vq — 2 Vpp, A v = +2, 
f = 5 MHz, Rl = 150(1 

0.36 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions for which the device is 
intended to be functional, but device parameter specifications may not be guaranteed under these conditions. For guaranteed specifications and test conditions, 
see the Electrical Characteristics. 

Note 2: Human body model 100 pF and 1.5 kft. 

Note 3: The typical junction-to-ambient thermal resistance of the molded plastic DIP(N) soldered directly into a PC board is 95°C/W. The junction-to-ambient 
thermal resistance of the S.O. surface mount (M) package mounted flush to the PC board is 70 C C/W when pins 1 ,4,8,9 and 1 6 are soldered to a total of 2 in 2 1 oz 
copper trace. The S.O. (M) package must have pin 4 and at least one of pins 1,8,9, or 16 connected to V- for proper operation. 

Note 4: Continuous short circuit operation at elevated ambient temperature can result in exceeding the maximum allowable junction temperature of 150°C. Each 
amplifier of the LM6182 is short circuit current limited to 100 mA typical. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (boldface type). 

Note 7: Each amp excited in turn with 100 kHz to produce Vo = 2 Vpp. Results are input referred. 

Note 8: Measured from + 25% to + 75% of output waveform. 

Note 9: Also available per the Standard Military Drawing, 5962-9460301 MCA. 

Note 10: For guaranteed military specifications see military datasheet MNLM6182AM-X. 


jj 


11 
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Simplified Schematic 1/2 LM6182 
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Typical Performance Characteristics (Continued) 

TYPICAL PERFORMANCE TEST CIRCUITS 
Non-Inverting: 

Small Signal Pulse Response, 

Slew Rate, -3 dB Bandwidth 

v + 

0.1 jj,F ? 10 ]xF 


Inverting: 

Small Signal Pulse Response, 
Slew Rate, -3 dB Bandwidth 

v + 

0.1 fxF ? 10 fxF 




Amplifier-to-Amplifier Isolation 

820(1 820(1 


Input Voltage Noise 

v + 




Xj (Crosstalk Rejection) = 


Resistors 


Matched to ±0.02% 


X»-t+L 


0.1 ptF ( 

> 10 >xF 


“ Hh i 


■=■ 100k 

x-Xr 

8 

s 

JT — l\ 

“ 0.1 jx F 

4 

10 fJL? 

ni 


PSRR (V S+ ) 

v + 









VOLTAGE GAIN (3dB/Div) VOLTAGE GAIN (3 dB/Div) 


Typical Performance Characteristics (Continued) Vs = ± 15V and Ta = 25°C unless otherwise noted. 


Inverting Gain 

Frequency Response 

V s = ± 15V, A v = - 1, Rf = 820n 


Inverting Gain 

Frequency Response 

V s = ±5V,A v = — 1, R f = 820ft 


I Rl = i kn 
\ = 1 500. ; 
= 100ft; 



Non-Inverting Gain 

Frequency Response 

V s = ± 15V, A v = + 2, R f = 820ft 



100k 1M 10M 1 OOM 


100k 1M 10M 100M 


Non-Inverting Gain 

Frequency Response 

V s = ±5V, A v = +2, R f = 820ft 



Non-Inverting Gain vs 
-3dB Bandwidth 
R f = 820ft 



— 3 dB Bandwidth vs 
Rf and R s , Ay — +2 


^V S = ±15V \ = 1 50ft I 


Q f V S = * 5 Y Rj =.150ft| 1 n II 
0.5 1.0 1.5 2.0 2.5 3.0 3.5 

Rp & R s (kft) 

— 3 dB Bandwidth vs 
Supply Voltage 
A v = -1 



Inverting Gain vs 
-3 dB Bandwidth 
R f = 820ft 




■ v ? nvl^r 


0 2 4 6 8 10 


Transimpedance vs 
Frequency 
R l = 1 kft 



2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (±V) 


Ik 10k 100k 1M 10M 100M 


Transimpedance vs 
Frequency 
R L = 150ft 



Ik 10k 100k 1M 10M 100M 


Settling Response 
V s = ± 15V, Rj_ = 150ft 
A v — -1,V 0 = ±5V 



TIME (25 ns/DIV) 
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Typical Performance Characteristics (Continued) Vs = ± 15V and Ta = 25°C unless otherwise noted. 


Distortion vs Frequency 
V s = ±15V,A v = + 2, 



FREQUENCY (MHz) 

Distortion vs Frequency 
V S = ±5V,A v = -1, 



FREQUENCY (MHz) 

-3 dB Bandwidth 
vs Temperature, Av = - 1 


V S = ±15V R l = 1 kft 


V*- = ± 1 5V R. = 150ft 


V S = ±5V Rl = 1 kft 


V <- = ±5V R, = 150ft 



-60-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 


Distortion vs Frequency 
V s = ±15V, A v = -1, 



FREQUENCY (MHz) 


Crosstalk Rejection vs 



0.1 1 10 100 
FREQUENCY (MHz) 

-3 dB Bandwidth 
vs Temperature, Av = +2 



-60-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 

Small Signal Pulse Response 
vs Temperature, Ay = - 1, 



TEMPERATURE (°C) 


Distortion vs Frequency 
V s = ±5V,A V = +2, 



FREQUENCY (MHz) 

Maximum Output Voltage 
Swing vs Frequency 



FREQUENCY (MHz) 

Small Signal Pulse Response 
vs Temperature, Av = -1, 



-60-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 

Small Signal Pulse Response 
vs Temperature, Av = +2, 
V s = ± 15V, Rl — IkH 


-60-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 

Small Signal Pulse Response 
vs Temperature, Av = +2, 
V s = ±15 V,R l = 150H 


PROPAGATION DELAY 




-40 -20 0 20 40 60 80 100120 
TEMPERATURE (°C) 

TL/H/1 1926-17 
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OUTPUT STEP (2|V 0 |) 

Z T (Mfl) TIME (ns) V 0 (V) 


Typical Performance Characteristics (Continued) Vg = ± 1 SVandTa = 25°C unless otherwise noted. 


Settling Time vs 
Output Step, Rp = 820(1 
R l = 150(1, A v = -1 



Settling Time vs 
Output Step, Rp - 820(1 
R l = 150(1, A v = -1 



Small Signal Pulse Response 
vs Closed-Loop Gain 
R l = Ik 

10 ■ I"" i i i i i i i i 

■ v s = ± 1 5V 

9 - R F = 8200 44i 

a 

7 PROPAGATION DELAY UJ-rHl 



10 20 30 40 50 60 


10 20 30 40 50 


Small Signal Pulse Response 
vs Closed-Loop Gain 
R l = 150(1 


n>v = 



10 15 20 


Small Signal Pulse Response 
vs Supply Voltage 
Ay — + 2, Rl = Ik 



Vos vs Temperature 



SUPPLY VOLTAGE (V) 


-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Zt vs Temperature 


Zt vs Temperature 


l s vs Temperature 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 





-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


PSRR vs Temperature 



55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


CMRR vs Temperature 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


lb ( + ) vs T emperature 


-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 
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lb (+) CMR (ajA/V) lb (-) (m A) 


Typical Performance Characteristics 

Vs = ±15V and Ta = 25°C unless otherwise noted. (Continued) 


lb (-) vs Temperature lb ( + ) PSR vs Temperature lb (~) PSR vs Temperature 



-55 -35-15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 

-55 -35-15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 

-55 -35-15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 

lb ( + ) CMR vs Temperature 

lb (-) CMR vs Temperature 

l sc ( ± ) vs Temperature 



-55 -35-15 5 25 45' 65 85 105 125 -55 -35-15 5 25 45 55 85 105 125 -55 -35-15 5 25 45 65 85 105 125 

TEMPERATURE (°C) ' TEMPERATURE (°C) TEMPERATURE (°C) 


Output Swing vs Temperature 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Output Swing vs Temperature 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 
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Typical Applications 

CURRENT FEEDBACK TOPOLOGY 

For a conventional voltage feedback amplifier the resulting 
small-signal bandwidth is inversely proportional to the de- 
sired gain to a first order approximation based on the gain- 
bandwidth concept. In contrast, the current feedback ampli- 
fier topology, such as the LM6182, transcends this limitation 
to offer a signal bandwidth that is relatively independent of 
the closed loop gain. Figures 1A and IB illustrate that for 
closed loop gains of -1 and -5 the resulting pulse fidelity 
suggests quite similiar bandwidths for both configurations. 


VoUT 

(0.1V/DIV) 


TIME (5ns/DIV) 



TL/H/ 11926-20 

1A.A V = -1 



TIME (5ns/DIV) 

TL/H/1 1926-21 

IB. Ay = ~5 

FIGURE 1A, IB. Variation of Closed-Loop Gain from - 1 
to -5 Yields Similar Responses. 

FEEDBACK RESISTOR SELECTION: R f 

Selecting the feedback resistor, Rf, is a dominant factor in 
compensating the LM6182. For general applications the 
LM6182 will maintain specified performance with an 820ft 
feedback resistor. The closed-loop bandwidth of the 
LM6182 depends on the feedback resistance, Rf. There- 
fore, Rs, and not Rf, is varied to adjust for the desired 
closed-loop gain as demonstrated in Figure 2. 



TL/H/1 1926-22 

FIGURE 2. Rf Sets Amplifier Bandwidth and R s is 
Adjusted to Obtain the Desired Closed-Loop Gain, Ay; 


Although this Rf value will provide good results for most 
applications, it may be advantageous to adjust this value 
slightly. Consider, for instance, the effect on pulse respons- 
es with two different configurations where both the closed- 
loop gains are +2 and the feedback resistors are 820 ft, 
and 1640ft, respectively. Figures 3A and 3B illustrate the 
effect of increasing Rf while maintaining the same closed- 
loop gain - the amplifier bandwidth decreases. Accordingly, 
larger feedback resistors can be used to slow down the 
LM6182 and reduce overshoot in the time domain re- 
sponse. Conversely, smaller feedback resistance values 
than 820ft can be used to compensate for the reduction of 
bandwidth at high closed-loop gains, due to 2nd order ef- 
fects. For example Figures 4A and 4B illustrate reducing Rf 
to 500ft to establish the desired small signal response in an 
amplifier configured for a closed-loop gain of +25. 


v OUT 

(0.5V/DIV) 


V IN 

(0.5V/DIV) 



TIME (20ns/DIV) 


TL/H/1 1926-23 

3A. R f = 820ft 


v OUT 

(0.5V/DIV) 


V IN 

(0.5V/DIV) 



TIME (20ns/DIV) 

TL/H/1 1926-24 

3B. R f = 1640ft 


FIGURE 3A, 3B. Increase Compensation by Increasing 
Rf, Ay = + 2 
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Typical Applications (Continued) 


VOUT 

(0.5V/DIV) 


V|N 

(50mV/DIV) 


TIME (2ns/DIV) 



TL/H/ 11926-25 

4A. R f = 82<m 


v OUT 

(0.5V/DIV) 


V IN 

(50mV/DIV) 



TIME (2ns/DIV) 


TL/H/1 1926-26 

4B. R f = 50 OH 

FIGURE 4A, 4B. Reducing Rf to Increase Bandwidth for 
Large Closed-Loop Gains, Ay = +25 

The extent of the amplifier’s dependence on Rf is displayed 
in Figure 5 for one particular closed-loop gain. 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 

R F & R $ (kft) 

TL/H/1 1926-27 

FIGURE 5. -3 dB Bandwidth Is Determined By 
Selecting Rf. 

CAPACITIVE FEEDBACK 

Current feedback amplifiers rely on feedback impedance for 
proper compensation. Even in unity gain current feedback 
amplifiers require a feedback resistor. LM6182 performance 


is specified for a feedback resistance of 820fl. Decreasing 
the feedback impedance below 820fl extends the amplifi- 
er’s bandwidth leading to possible instability. Capacitive 
feedback should therefore not be used because the imped- 
ance of a capacitor decreases with increasing frequency. 



TL/H/1 1926-28 

FIGURE 6. Current Feedback Amplifiers are Unstable 
with Capacitive Feedback 

For voltage feedback amplifiers it is quite common to place 
a small lead compensation capacitor in parallel with feed- 
back resistance, Rf. This compensation serves to reduce 
the amplifier’s peaking. One application of the lead compen- 
sation capacitor is to counteract the effects of stray capaci- 
tance from the inverting input to ground in circuit board lay- 
outs. The LM6182 current feedback amplifier does not re- 
quire this lead compensation capacitor and has an even 
simpler, more elegant solution. 

To limit the bandwidth and peaking of the LM6182 current 
feedback amplifier, do not use a capacitor across Rf as in 
Figure 7. This actually has the opposite effect and extends 
the bandwidth of the amplifier leading to possible instability. 
Instead, simply increase the value of the feedback resistor 
as shown in Figure 3. 

Non-inverting applications can also reduce peaking and limit 
bandwidth by adding an RC circuit as illustrated in Figure 8. 



TL/H/1 1926-29 

FIGURE 7. Compensation Capacitors Are Not Used with 
the LM6182, Instead Simply Increase Rf to Compensate 
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Typical Applications (Continued) 
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v OUT 

(0.5V/DIV) 


V IN 

(0.5V/DIV) 



TIME (20ns/DIV) 


8B 
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FIGURE 8A, 8B. RC Limits Amplifier Bandwidth to 50 
MHz, Eliminating Peaking in the Resulting Pulse 
Response as Compared to Figure 3A 


SLEW RATE CONSIDERATIONS 

The slew rate characteristics of current feedback amplifiers 
are different than traditional voltage feedback amplifiers. In 
voltage feedback amplifiers, slew rate limiting or non-linear 
amplifier behavior is dominated by the finite availability of 
the 1 st stage tail current charging the compensation capaci- 
tor. The slew rate of current feedback amplifiers, in contrast, 
is not constant. Transient current at the inverting input is 
proportional to the current available to the amplifier’s com- 


pensation capacitor. The current feedback amplifier is 
therefore not traditionally slew rate limited. This enables 
large slew rates responses of 2000 V/jus. The non-inverting 
configuration slew rate is also determined by input stage 
limitations. Accordingly, variations of slew rates occur for 
different circuit topologies. 

DRIVING CAPACITIVE LOADS 

The LM6182 can drive significantly larger capacitive loads 
than many current feedback amplifiers. This is extremely 
valuable for simplifying the design of coax-cable drivers. Al- 
though the LM6182 can directly drive as much as 100 pF of 
load capacitance without oscillating, the resulting response 
will be a function of the feedback resistor value. Figure 9B 
illustrates the small-signal pulse response of the LM6182 
while driving a 50 pF load. Ringing persists for approximate- 
ly 100 ns. To achieve pulse responses with less ringing ei- 
ther the feedback resistor can be increased (see Typical 
Performance Characteristics “Suggested Rf and Rs for 
Cl”), or resistive isolation can be used (100—51 n typically 
works well). Either technique, however, results in lowering 
the system bandwidth. 

Figure 10B illustrates the improvement obtained by using a 
47H isolation resistor. 


82on 



v OUT 

(0.2V/DIV) 

V IN 

(0.2V/DIV) 



TIME (20ns/DIV) 
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9B 


FIGURE 9A, 9B. A v = - 1, LM6182 Can Directly Drive 
50 pF of Load Capacitance with 100 ns of Ringing 
Resulting in Pulse Response 
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Typical Applications (Continued) 


820n 



VOUT 

(0.2V/DIV) 


V|N 

(0.2V/DIV) 


TL/H/ 11926-35 

10B 

FIGURE 10A, 10B. Resistive Isolation of Cl Provides 
Higher Fidelity Pulse Response. Rf and Rs Could Also 
Be Increased to Maintain Ay = — 1 and Improve Pulse 
Response Characteristics. 

POWER SUPPLY BYPASSING AND LAYOUT 
CONSIDERATIONS 

A fundamental requirement for high-speed amplifier design 
is adequate bypassing of the power supply. It is critical to 
maintain a wideband low-impedance to ground at the ampli- 
fiers supply pins to insure the fidelity of high speed amplifier 
transient signals. 0.1 jaF ceramic bypass capacitors at each 
supply pin are sufficient for many applications. Typically 
1 0 j^F tantalum capacitors are also required if large current 
transients are delivered to the load. The bypass capacitors 
should be placed as close to the amplifier pins as possible, 
such as 0.5" or less. 

Applications requiring high output power, cable drivers for 
example, cause increased internal power dissipation. Inter- 



nal power dissipation can be minimized by operating at re- 
duced power supply voltages, such as ± 5V. 

Optimum heat dissipation is achieved by using wide circuit 
board traces and soldering the part directly onto the board. 
Large power supply and ground planes will improve power 
dissipation. Safe Operating Area (S.O.A.) is determined us- 
ing the Maximum Power Derating Curves. 

The 16-pin small outline package (M) has 5 V— heat sinking 
pins that enable a junction-to-ambient thermal resistance of 
70°C/W when soldered to 2 in 2 1 oz. copper trace. A V- 
heat sinking pin is located on each corner of the package 
for ease of layout. This allows high output power and/or 
operation at elevated ambient temperatures without the ad- 
ditional cost of an integrated circuit heat sink. If the heat 
sinking capabilities of the S.O. package are not needed, pin 
4 and at least one of pins 1 ,8,9, or 16 must be connected to 
V- for proper operation. 

Figure 11 shows recommended copper patterns used to 
dissipate heat from the LM6182. 



8-pin DIP (N) 


TL/H/1 1926-36 



I 

I 

■16 I 
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16-pin S.O. (M) 

FIGURE 11. Copper Heatsink Layouts 
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Typical Applications (Continued) 

CROSSTALK REJECTION 

The LM6182 has an excellant crosstalk rejection value of 
62 dB at 10 MHz. This value is made possible because the 
LM6182 amplifiers share no common circuitry other than 
the supply. High frequency crosstalk that does appear is 
primarily caused by the magnetic and capacitive coupling of 
the internal bond wires. Bond wires connect the die to the 
package lead frame. The amount of current flowing through 
the bond wires is proportional to the amount of crosstalk. 
Therefore, crosstalk rejection ratings will degrade when 
driving heavy loads. Figure 12 and shows a 10 dB difference 
for two different loads. 



0.1 1 10 100 
FREQUENCY (MHz) 

TL/H/1 1926-38 

FIGURE 12. Crosstalk Rejection 

The LM6182 crosstalk effect is minimized in applications 
that cascade the amplifiers by preceding amplifier A with 
amplifier B. 

START-UP TIME 

Using the circuit in Figure 13, the LM6182 demonstrated a 
start-up time of 50 ns. 



OVERDRIVE RECOVERY 

The LM6182 is an excellent choice for high speed applica- 
tions needing fast overdrive recovery. Nanosecond recov- 
ery times allow the LM6182 to protect subsequent stages 
from excessive input saturation and possible damage. 
When the output or input voltage range of a high speed 
amplifier is exceeded, the amplifier must recover from an 
overdrive condition. The non-linear output voltage remains 
as long as the overdrive condition persists. Linear operation 
resumes after the overdrive condition is removed. Overdrive 
recovery time is the delay before an amplifier returns to lin- 
ear operation. The typical recovery times for exceeding 
open loop, closed loop, and input commom-mode voltage 
ranges are illustrated in Figures 14, 15, and 16. 

The open-loop circuit of Figure 14 generates an overdrive 
response by allowing the ±0.5V input to exceed the linear 
input range of the amplifier. Typical positive and negative 
overdrive recovery times are 5 ns and 30 ns, respectively. 


+5V 




TIME (50ns/DIV) 

TL/H/1 1926-42 

FIGURE 14. Open Loop Overdrive Recovery Times of 
5 ns and 30 ns 

The large closed-loop gain configuration in Figure 15 forces 
the amplifier output into overdrive. The typical recovery time 
to a linear output value is 1 5 ns. 
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Typical Applications (Continued) 
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I 


p SjOOmt 


TIME (50ns/DIV) 
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FIGURE 15. 15 ns Closed Loop Output Overdrive 
Recovery Time Generated by Saturating the Output 
Stage of the LM6182 

The common-mode input range of a unity-gain circuit is ex- 
ceeded by a 4V pulse resulting in a typical recovery time of 
20 ns shown in Figure 16. 




SPICE MACROMODEL 

A spice macromodel is available for the LM6182. Contact 
your local National Semiconductor sales office to obtain an 
operational amplifier spice model library disk. 

Typical Application Circuits 

UNITY GAIN AMPLIFIER 

The LM6182 current feedback amplifier is unity gain stable. 
The feedback resistor, Rf, is required to maintain the 
LM6182’s dynamic performance. 

W\ 

Rf 

■^1/2 LM6182 


TL/H/1 1926-47 

FIGURE 17. LM6182 Is Unity Gain Stable 
NON-INVERTING GAIN AMPLIFIER 

Current feedback amplifiers can be used in non-inverting 
gain and level shifting functions. The same basic closed- 
loop gain equation used for voltage feedback amplifiers ap- 
plies to current feedback amplifiers: 1 + Rf/Rs. 



TL/H/1 1926-48 

FIGURE 18. Non-Inverting Closed Loop Gain is 
Determined with the Same Equation Voltage Feedback 
Amplifiers Use: 1 + Rf/Rs 

INVERTING GAIN AMPLIFIER 

The inverting closed loop gain equation used with voltage 
feedback amplifiers also applies to current feedback amplifi- 
ers. 



TL/H/1 1926-49 

FIGURE 19. Current Feedback Amplifiers Can Be Used 
for Inverting Gains, Just Like a Voltage Feedback 
Amplifier: — R f /Rs 


FIGURE 16. Output Recovery from an Input that 
Exceeds the Common-Mode Range 
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Typical Application Circuits (Continued) 

SUMMING AMPLIFIER 

The current feedback topology of the LM6182 provides sig- 
nificant performance advantages over a conventional volt- 
age feedback amplifier used in a standard summing circuit. 
Using a voltage feedback amplifier, the bandwidth of the 
summing circuit in Figure 20 is limited by the highest gain 
needed for either signal VI or V2. If the LM6182 amplifier is 
used instead, wide circuit bandwidth can be maintained rela- 
tively independent of gain requirements. 


R si 




1/2 LM6182 


S^l/2 Ll 


TL/H/1 1926-50 

FIGURE 20. LM6182 Allows the Summing Circuit to Meet 
the Requirements of Wide Bandwidth Systems 
Independent of Signal Gain 


Ordering Information 


Package 

Temperature Range 

NSC 

Drawing 

Military 

— 55°C to + 125°C 

Industrial 
— 40°C to 
+ 85°C 

8-pin 

Molded 

DIP 

LM6182AMN 

LM6182AIN 

LM6182IN 

N08E 

16-pin 

Small 

Outline 


LM6182AIM 

LM6182IM 

M16A 


If Military/Aerospace specified devices are required, contact the National 
Semiconductor Sales Office or Distributors for availability and specifications. 
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Semiconductor 


LM7131 

Tiny High Speed Single Supply Operational Amplifier 


General Description 

The LM7131 is a high speed bipolar operational amplifier 
available in a tiny SOT23-5 package. This makes the 
LM7131 ideal for space and weight critical designs. Single 
supply voltages of 3V and 5V provides good video perform- 
ance, wide bandwidth, low distortion, and high PSRR and 
CMRR. This makes the amplifier an excellent choice for 
desktop and portable video and computing applications. 
The amplifier is supplied in DIPs, surface mount 8-pin pack- 
ages, and tiny SOT23-5 packages. 

Tiny amplifiers are so small they can be placed anywhere on 
a board close to the signal source or next to an A-to-D input. 
Good high speed performance at low voltage makes the 
LM7131 a preferred part for battery powered designs. 


Features 

■ Tiny SOT23-5 package saves space-typical circuit lay- 
outs take half the space of SO-8 designs. 

■ Guaranteed specs at 3V, 5V, and ±5V supplies 

■ Typical supply current 7.0 mA at 5V, 6.5 mA at 3V 

■ 4 V output swing with + 5V single supply 

■ Typical total harmonic distortion of 0.1% at 4 MHz 

■ 70 MHz Gain-Bandwidth Product 

■ 90 MHz -3 dB bandwidth at 3V and 5V, Gain = +1 

■ Designed to drive popular video A/D converters 

■ 40 mA output can drive 50fl loads 

■ Differential gain and phase 0.25% and 0.75° at Ay = 
+ 2 

Applications 

■ Driving video A/D converters 

■ Video output for portable computers and PDAs 

■ Desktop teleconferencing 

■ High fidelity digital audio 

■ Video cards 


Connection Diagrams 


8-Pin DIP/SO-8 


5-Pin SOT23-5 


INVERTING INPUT 

NON-INVERTING 

INPUT 

V” — - 



OUTPUT 


Top View 
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Package 

Ordering 

Information 

NSC Drawing 
Number 

Package 

Marking 

Supplied as 

8-Pin DIP 

LM7131ACN 

N08E 

LM7131ACN 

rails 

8-Pin DIP 

LM7131BCN 

N08E 

LM7131BCN 

rails 

8-Pin SO-8 

LM7131 ACM 

M08A 

LM7131 ACM 

rails 

8-Pin SO-8 

LM7131BCM 

M08A 

LM7131BCM 

rails 

8-Pin SO-8 

LM7131 ACMX 

M08A 

LM7131 ACM 

2.5k units tape and reel 

8-Pin SO-8 

LM7131BCMX 

M08A 

LM7131BCM 

2.5k units tape and reel 

5-Pin SOT 23-5 

LM7131ACM5 

MA05A 

A02A 

250 units on tape and reel 

5-Pin SOT 23-5 

LM7131 BCM5 

MA05A 

A02B 

250 units on tape and reel 

5-Pin SOT 23-5 

LM7131ACM5X 

MA05A 

A02A 

3k units tape and reel 

5-Pin SOT 23-5 

LM7131BCM5X 

MA05A 

A02B 

3k units tape and reel 
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Absolute Maximum Ratings (Note d 





If Military /Aerospace specified devices are required, Lead Temperature (soldering, 10 sec) 

260°C 

please contact the National Semiconductor Sales Storage Temperature Range 

- 65°Cto +150°C 

Office/Distributors for availability and specifications. Junct|on Temperature (Note 4) 


150°C 

ESD Tolerance (Note 2) 

2000V 





Differential Input Voltage 

±2.o Operating Ratings 



Voltage at Input/Output Pin (V+) + 0.1V, (V~) - 0.3V Supply Voltage (V+ - V~) 

2.7V ^ V ^ 12V | 

Supply Voltage (V+ - V~) 

12V Junction Temperature Range 



Current at Input Pin 

±5 mA LM7131 AC, LM7131BC 

o 

d 

iA 

cl* 

IA 

+ 70°C 

Current at Output Pin (Note 3) 

±80 mA Thermal Resistance (0 ja) 



Current at Power Supply Pin 

±80 mA N Package, 8-Pin Molded DIP 

1 1 5°C/W 



SO-8 Package, 8-Pin Surface Mount 1 65°C/W 

M05A Package, 5-Pin Surface Mount 325°C/W 

3V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 

3V, V- = 

0V, Vcm = Vq = V+ /2 and R|_ = 1 500. Boldface limits apply at the temperature extremes. 





Typ 

(Note 5) 

LM7131AC 

LM7131BC 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 


Vos 

Input Offset Voltage 


0.02 

2 

7 

mV 




4 

10 

max 

TCVos 

Input Offset Voltage 
Average Drift 


10 



jaV/°C 

>B 

Input Bias Current 


20 

30 

30 

jixA 




40 

40 

max 

•os 

Input Offset Current 





fxA 







max 

CMRR 

Common Mode 

ov ^ v C M ^ 0.85V 




dB 


Rejection Ratio 

(Video Levels) 



min 

CMRR 

Common Mode 

0.85V ^ V C m ^ 1.7V 

70 



dB 


Rejection Ratio 

(Mid-Range) 



min 

+ PSRR 

Positive Power Supply 





dB 


Rejection Ratio 




min 

— PSRR 

Negative Power Supply 

V- = — 3V, V+ = 0V 

75 

65 

65 

dB 


Rejection Ratio 

V- = — 3V to -6.5V 

60 

60 

min 

VcM 

Input Common-Mode 

V+ = 3V 

0.0 

0.0 

0.0 

V 


Voltage Range 

For CMRR ^ 50 dB 

0.00 

0.00 

min 




2.0 

1.70 

1.70 

V 




1.60 

1.60 

max 

Avol 

Voltage Gain 

R l = 150H, V 0 = 0.250V 

60 

55 

55 

dB 



to 1.250V 

50 

50 

c in 

Common-Mode 





PF 


Input Capacitance 


c. 
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3V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 

3V, V - = OV, Vqm = Vq = V+/2 and Rl = 150ft. Boldface limits apply at the temperature extremes. (Continued) 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM7131AC 

Limit 
(Note 6) 

LM7131BC 

Limit 
(Note 6) 

Units 

Vo 

Output Swing 

High 

V+ = 3V, R l = 150ft 
terminated at 0V 

2.6 

2.3 

2.0 

2.3 

2.0 

V 

min 

Low 

V+ = 3V,R l = 150ft 
terminated at 0V 

0.05 

0.15 

0.20 

0.15 

0.20 

V 

max 

High 

V+ = 3V, R L = 150ft 
terminated at 1 ,5V 

2.6 

2.3 

2.0 

2.3 

2.0 

V 

min 

Low 

V+ = 3V, R L = 150ft 
terminated at 1 .5V 

0.5 

0.8 

1.0 

0.8 

1.0 

V 

max 

Vo 

Output Swing 

High 

V+ = 3V, R L = 600ft 
terminated at 0V 

2.73 



V 

max 

Vo 

Output Swing 

Low 

V+ = 3V, R l = 600ft 
terminated at 0V 

0.06 



V 

max 

isc 

Output Short Circuit 
Current 

Sourcing, Vq = 0V 

65 

45 

40 

45 

40 

mA 

min 

Sinking, Vq = 3V 

40 

25 

20 

25 

20 

mA 

min 

•s 

Supply Current 

V+ = + 3V 

6.5 

8.0 

8.5 

8.0 

8.5 

mA 

max 

3V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 

3V, V~ = 0V, Vqm = Vq = V+ /2 and R|_ = 1 50ft. Boldface limits apply at the temperature extremes. 

Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM7131AC 

Limit 
(Note 6) 

LM7131BC 

Limit 
(Note 6) 

Units 

T.H.D. 

Total Harmonic Distortion 

F = 4 MHz, A v = + 2 

R L = 150ft, V 0 = I.OVpp 

0.1 



% 


Differential Gain 

(Note 10) 

0.45 



% 


Differential Phase 

(Note 10) 

0.6 



• 

SR 

Slew Rate 

R(_ = 150ft, C|_ = 5 pF 
(Note 7) 

120 



V/jaS 

SR 

Slew Rate 

R l = 150ft, C L = 20 pF 
(Note 7) 

100 



V/jmS 

GBW 

Gain-Bandwidth Product 


70 





Closed-Loop - 3 dB 
Bandwidth 


90 



B9 
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5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 
5V, V~ = OV, Vcm j = Vq = V+ /2 and Rl = 150fl. Boldface limits apply at the temperature extremes. 





Typ 

(Note 5) 

LM7131AC 

LM7131BC 


Symbol 

Parameter 

Conditions 

Limit 
(Note 6) 

Limit 
(Note 6) 

Units 

v os 

Input Offset Voltage 


0.02 

2 

7 

mV 




4 

10 

max 

TCVqs 

Input Offset Voltage 
Average Drift 


10 



/xV/°C 

>B 

Input Bias Current 


20 

30 

30 

M-A 




40 

40 

max 

'OS 

Input Offset Current 


0.35 

3.5 

3.5 

juA 





5 

5 

max 

CMRR 

Common Mode 

OV ^ V C M £ 1.85V 

75 

65 

65 

dB 


Rejection Ratio 

(Video Levels) 

60 

60 

min 

CMRR 

Common Mode 

1.85V <; V C m ^ 3.7V 

70 

55 

55 

dB 


Rejection Ratio 

(Mid-Range) 

50 

50 

min 

+ PSRR 

Positive Power Supply 

V+ = 5V, V- = OV 

75 

65 

65 

dB 


Rejection Ratio 

V+ = 5V to 1 0V 

60 

60 

min 

- PSRR 

Negative Power Supply 

V- = - 5V, V+ = OV 

75 

65 

65 

dB 


Rejection Ratio 

V- = - 5V to -10V 

60 

60 

min 

V CM 

Input Common-Mode 

> 

to 

II 

+ 

> 

0.0 

- 0.0 

- 0.0 

V 


Voltage Range 

For CMRR ;> 50 dB 

0.00 

0.00 

min 




4.0 

3.70 

3.70 

V 




3.60 

3.60 

max 

a VOL 

Voltage Gain 

R l = 150fl, V 0 = 

70 

60 

60 

dB 



0.250V to 2.250V 

55 

55 

min 

C|N 

Common-Mode 


o 



PF 


Input Capacitance 


c. 



v 0 

Output Swing 

V+ = 5V, R L = 150ft 

4.5 

4.3 

4.3 

V 


High 

terminated at 0V 

4.0 

4.0 

min 


Low 

V+ = 5V, R l = 150ft 




V 



terminated at 0V 



max 


High 

V+ = 5V, R l = 150ft 

4.5 

4.3 


V 



terminated at 2.5V 

4.0 


min 


Low 

V+ = 5V, R l — 150ft 


0.8 


V 



terminated at 2.5V 

1.0 


max 


Output Swing 

V+ = 5V, R l = 600ft 




V 


High 

terminated at 0V 



max 







V 






max 

•sc 

Output Short Circuit 

Sourcing, Vq = 0V 

65 

45 

45 

mA 


Current 


40 

40 

min 



Sinking, Vq = 5V 

40 

25 

25 

mA 




20 

20 

min 

Is 

Supply Current 

V+ = +5V 

7.0 

8.5 

8.5 

mA 




9.0 

9.0 

max 
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5V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ = 
5V, V~ = OV, Vqm = Vq = V+/2 and Rl = 15011. Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM7131AC 

Limit 
(Note 6) 

LM7131BC 

Limit 
(Note 6) 

Units 

T.H.D. 

Total Harmonic Distortion 

F = 4 MHz, A v = +2 

R L = 15011, V 0 = 2.0V PP 

0.1 



% 


Differential Gain 

(Note 10) 

0.25 



% 


Differential Phase 

(Note 10) 

0.75 




SR 

Slew Rate 

Rl = 15011, Cl — 5 pF 
(Note 8) 

150 



V/jLtS 

SR 

Slew Rate 

R l = 15011, C L = 20 pF 
(Note 8) 

130 



V/jaS 

GBW 

Gain-Bandwidth Product 


70 



MHz 


Closed-Loop -3 dB 
Bandwidth 


90 



MHz 

e n 

Input-Referred 

Voltage Noise 

f = 1 kHz 

11 



nV 

VHz 

•n 

Input-Referred 

Current Noise 

f = 1 kHz 

3.3 



pA 

VRz 


+ 5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ 
= 5V, V - = 5V, Vqm = Vq = OV and Rl = 1 5011. Boldface limits apply at the temperature extremes. 





Typ 

(Note 5) 

LM7131AC 

LM7131BC 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 


v os 

Input Offset Voltage 


0.02 

2 

7 

mV 




4 

10 

max 

TCV OS 

Input Offset Voltage 
Average Drift 


10 



julV/°C 

•b 

Input Bias Current 


20 

30 

30 

jaA 




40 

40 

max 

•os 

Input Offset Current 


0.35 

3.5 

3.5 

fxA 





5 

5 

max 

CMRR 

Common Mode 

— 5V <; v CM <; 3.7V 

75 

65 

65 

dB 


Rejection Ratio 


60 

60 

min 

+ PSRR 

Positive Power Supply 

V+ = 5V,V- = 0V 

75 

65 

65 

dB 


Rejection Ratio 

V+ = 5V to 1 0 V 

60 

60 

min 

— PSRR 

Negative Power Supply 

V- = — 5V, V+ = 0V 

75 

65 

65 

dB 


Rejection Ratio 

> 

o 

T 

0 

> 

in 

1 

II 

l 

> 

60 

60 

min 

V CM 

Input Common-Mode 

v+ = 5V, V = — 5V 

-5.0 

-5.0 

-5.0 

V 


Voltage Range 

For CMRR :> 60 dB 

-5.0 

-5.0 

min 




4.0 

3.70 

3.70 

V 




3.60 

3.60 

max 

A VOL 

Voltage Gain 

R l = 150ft, 

70 

55 

55 

dB 



V 0 = -2.0 to +2.0 


50 

50 
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± 5V DC Electrical Characteristics Unless otherwise specified, all limits guaranteed for Tj = 25°C, V+ 
= 5 V, V~ = 5V, Vcm = Vq = OV and R|_ = 1 50ft. Boldface limits apply at the temperature extremes. (Continued) 





Typ 

(Note 5) 

LM7131AC 

LM7131BC 


Symbol 

Parameter 

Conditions 

Limit 

Limit 

Units 




(Note 6) 

(Note 6) 


C|N 

Common-Mode 





pF 


Input Capacitance 





v 0 

Output Swing 

V+ = 5 V, V- = — 5V 

4.5 

4.3 

4.3 

V 


High 

R L = 150ft 

4.0 

4.0 

min 


Low 

terminated at 0V 

-4.5 

-3.5 

-3.5 

V 




-2.5 

-2.5 

max 

lsc 

Output Short Circuit 

Sourcing, Vq = — 5V 

65 

45 

45 

mA 


Current 


40 

40 

min 



Sinking, Vq = 5V 

40 

25 

25 

mA 




20 

20 

min 

Is 

Supply Current 

V+ = +5V, V- = — 5V 

7.5 

9 

9 

mA 




10 

10 

max 


+ 5V AC Electrical Characteristics Unless otherwise specified, all limits guaranteed forTj = 25°C, V+ 
= 5V, V~ = 5 V, Vcm = Vq = OV and R|_ = 1 50ft. Boldface limits apply at the temperature extremes. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 5) 

LM7131AC 

Limit 
(Note 6) 

LM7131BC 

Limit 
(Note 6) 

Units 

T.H.D. 

Total Harmonic Distortion 

F = 4 MHz, A v — -2 

R l = 150ft, Vq = 4.0V PP 

1.5 



% 


Differential Gain 

(Note 1 0) 

0.25 



% 


Differential Phase 

(Note 1 0) 

1.0 



• 

SR 

Slew Rate 

R|_ = 150ft, C|_ = 5 pF 
(Note 9) 

150 



V/jus 

SR 

Slew Rate 

R l = 150ft, C L = 20 pF 
(Note 9) 

130 



V/juS 

GBW 

Gain-Bandwidth Product 


70 



MHz 


Closed-Loop -3 dB 
Bandwidth 


90 



MHz 


Note 1: Absolute maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical characteristics. 
Note 2: Human body model, 1.5 kfl in series with 100 pF. 

Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the 
maximum allowed junction temperature of 1 50°C. 

Note 4: The maximum power dissipation is a function of Tj( max ), 6 ja, and T A . The maximum allowable power dissipation at any ambient temperature is Pq = 
(Tj(rnax) - Ta)/#ja- All numbers apply for packages soldered directly into a PC board. 

Note 5: Typical values represent the most likely parametric norm. 

Note 6: All limits are guaranteed by testing or statistical analysis. 

Note 7: Connected as voltage follower with 1.5V step input. Number specified is the slower of the positive and negative slew rates. V+ = 3V and R[_ = 150fi 
connected to 1 .5V. Amp excited with 1 kHz to produce Vq - 1.5 Vpp. 

Note 8: Connected as Voltage Follower with 4.0V step input. Number specified is the slower of the positive and negative slew rates. V+ = 5V and R|_ = 150fl 
connected to 2.5V. Amp excited with 1 kHz to produce Vq — 4 Vpp. 

Note 9: Connected as Voltage Follower with 4.0V step input. Number specified is the slower of the positive and negative slew rates. V+ = 5V, V - = -5V and 
R|_ = 150H connected to 0V. Amp excited with 1 kHz to produce Vo = 4 Vpp. 

Note 10: Differential gain and phase measured with a 4.5 MHz signal into a 150ft load, Gain = +2.0, between 0.6V and 2.0 V output. 
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Typical Performance Characteristics (Continued) 


INPUT 
20,0 mV 
/div 


CABLE 
OUTPUT 
200 mV 
/div 


LM7131 Driving 5' 
RG-59 Ay = + 2@ +3V 



50 ns/div 


LM7131 Driving 75' 
RG-59 A v = +2@ +3V 


INPUT 
200 mV 
/div 


CABLE 

OUTPUT 

/div 



50 ns/div [HI 


LM7131 Cable Driver 
A v = + 10@ +3V 



LM7131 Cable Driver 
A v = + 1 @ +5V 



LM7131 Cable Driver LM7131 Driving 5' RG-59 

A v = +2@ +5V A v = +2@ +5V 




INPUT 

/d, 


CABLE 
OUTPUT 
200 mV 
/div 


LM7131 Driving 75' RG-59 
A v = + 2@ +5V 



-" 1 























— 

— 



— 

— 


__ 


— 

z 

== 



— 

— 







1 




I 




r 








r 




I 






50 ns/div HI] 


INPUT 
100 mV 
/div 


OUTPUT 
500 mV 
/div 


LM7131 Cable Driver 



LM7131 Driving Flash 
A/D Load A v = -1 @ +5V 



50 ns/div H3 


INPUT 
500 mV 
/div 


OUTPUT 
500 mV 
/div 


LM7131 Driving Flash 



INPUT 
500 mV 
/div 


OUTPUT 

/div 


LM7131 Driving Flash 
A/D Load A v = +2@ +5V 



INPUT 
100 mV 
/div 


OUTPUT 

500 

/d 


LM7131 Driving Flash 
A/D Load A v = +5@ +5V 



TL/H/12313-4 
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Application Information 

GENERAL INFORMATION 

The LM7131 is a high speed complementary bipolar amplifi- 
er which provides high performance at single supply volt- 
ages. The LM7131 will operate at ±5V split supplies, +5V 
single supplies, and +3V single supplies. It can provide im- 
proved performance for ±5V designs with an easy tran- 
sition to + 5V single supply. The LM7131 is a voltage feed- 
back amplifier which can be used in most operational ampli- 
fier circuits. 

The LM7131 is available in three package types: DIPs for 
through hole designs, SO-8 surface mount packages and 
the SOT23-5 Tiny package for space and weight savings. 
The LM7131 has been designed to meet some of the most 
demanding requirements for single supply amplifiers — driv- 
ing analog to digital converters and video cable driving. The 
output stage of the LM7131 has been specially designed for 
the dynamic load presented by analog to digital converters. 
The LM7131 is capable of a 4V output range with a +5V 
single supply. The LM7131’s drive capability and good dif- 
ferential gain and phase make quality video possible from a 
small package with only a + 5V supply. 

BENEFITS OF THE LM7131 

The LM7131 can make it possible to amplify high speed 
signals with a single + 5V or + 3V supply, saving the cost of 
split power supplies. 

EASY DESIGN PATH FROM ± 5V to + 5V SYSTEMS 

The DIP and SO-8 packages and similar ±5V and single 
supply specifications means the LM7131 may be able to 
replace many more expensive or slower op amps, and then 
be used for an easy transition to 5V single supply systems. 
This could provide a migration path to lower voltages for the 
amplifiers in system designs, reducing the effort and ex- 
pense of testing and re-qualifying different op amps for each 
new design. 

In addition to providing a design migration path, the three 
packages types have other advantages. 

The DIPs can be used for easy prototyping and through hole 
boards. The SO-8 for surface mount board designs, and 
using the SOT23-5 for a smaller surface mount package can 
save valuable board space. 

SPECIFIC ADVANTAGES OF SOT23-5 (TINY PACKAGE) 

The SOT23-5 (Tiny) package can save board space and 
allow tighter layouts. The low profile can help height limited 
designs, such as sub-notebook computers, consumer video 
equipment, personal digital assistants, and some of the 
thicker PCMCIA cards. The small size can improve signal 
integrity in noisy environments by placing the amplifier clos- 
er to the signal source. The tiny amp can fit into tight spaces 
and weighs little. This makes it possible to design the 
LM7131 into places where amplifiers could not previously 
fit. 

The LM7131 can be used to drive coils and transformers 
referenced to virtual ground, such as magnetic tape heads 


and disk drive write heads. The small size of the SOT23-5 
package can allow it to be placed with a pre-amp inside of 
some rotating helical scan video head (VCR) assemblies. 
This avoids long cable runs for low level video signals, and 
can result in higher signal fidelity. 

Additional space savings parts are available in tiny pack- 
ages from National Semiconductor, including low power am- 
plifiers, precision voltage references, and voltage regula- 
tors. 

Notes on Performance Curves and 
Datasheet Limits 

Important: 

Performance curves represent an average of parts, and are 
not limits. 

SUPPLY CURRENT vs SUPPLY VOLTAGE 

Note that this curve is nearly straight, and rises slowly as 
the supply voltage increases. 

INPUT CURRENT vs INPUT VOLTAGE 

This curve is relatively flat in the 200 mV to 4V input range, 
where the LM7131 also has good common mode rejection. 

COMMON MODE VOLTAGE REJECTION 

Note that there are two parts to the CMRR specification of 
the datasheet for 3V and 5 V. The common mode rejection 
ratio of the LM7131 has been maximized for signals near 
ground (typical of the active part of video signals, such as 
those which meet the RS-1 70 levels). This can help provide 
rejection of unwanted noise pick-up by cables when a bal- 
anced input is used with good input resistor matching. The 
mid-level CMRR is similar to that of other single supply op 
amps. 

BODE PLOTS (GAIN vs FREQUENCY FOR A v = +1) 

The gain vs. frequency plots for a non-inverting gain of 1 
show the three voltages with the 1 50H load connected in 
two ways. For the single supply graphs, the load is connect- 
ed to the most negative rail, which is ground. For the split 
supply graphs, the load is connected to a voltage halfway 
between the two supply rails. 

DRIVING CABLES 

Pulse response curves for driving 75fl back terminate ca- 
bles are shown tor both 3V and 5V supplies. Note the good 
pulse fidelity with straight 150 loads, five foot (1.5 meter) 
and 75 foot (22 meter) cable runs. The bandwidth is re- 
duced when used in a gain of ten (Ay = +10). Even in a 
gain of ten configuration, the output settles to < 1% in 
about 1 00 ns, making this useful for amplifying small signals 
at a sensor or signal source and driving a cable to the main 
electronics section which may be located away from the 
signal source. This will reduce noise pickup. 

Please refer to Figures 1-5 for schematics of test setups 
for cable driving. 
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Application Information (Continued) 

DRIVING TYPE 1175 FLASH A/D LOADS 

The circuits in Figures 6-11 show a LM7131 in a voltage 
follower configuration driving the passive equivalent of a 
typical flash A/D input. Note that there is a slight ringing on 
the output, which can affect accurate analog-to-digital con- 
version. In these graphs, we have adjusted the ringing to be 
a little larger than desirable in order to better show the set- 
tling time. Most settling times at low gain are about 75 ns to 
< 1 % of final voltage. The ringing can be reduced by add- 
ing a low value (approximately 5000) feedback resistor from 
the output to the inverting input and placing a small (picofar- 


ad range) capacitor across the feedback resistor. See Fig- 
ures 9 and 10 for schematics and respective performance 
curves for flash A/D driving at Av = +5 with and without a 
2 pF feedback capacitor. 

See section on feedback compensation. Ringing can also 
be reduced by placing an isolation resistor between the out- 
put and the analog-to-digital converter input — see sections 
on driving capacitive loads and analog-to-digital converters. 
Please refer to Figures 6-11 for schematics of test setups 
for driving flash A/D converters. 



TL/H/12313-14 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 6. Flash A/D A v = - 1 



TL/H/12313-15 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 7. Flash A/D A v = + 1 
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Application Information (Continued) 

5 pF 



TL/H/12313-16 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 8. Flash A/D A v = + 2 



TL/H/12313-17 


Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 


FIGURE 9. Flash A/D A v = + 5 
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2 pF 



TL/H/12313-18 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 10. Flash A/D Ay = + 5 with Feedback Capacitor 



TL/H/12313-19 

Numbers in parentheses are measured 
fixture capacitances w/o DUT and load. 

FIGURE 1 1. Flash A/D Ay = +10 
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Using the LM7131 

LIMITS AND PRECAUTIONS 
Supply Voltage 

The absolute maximum supply voltage which may be ap- 
plied to the LM7131 is 12V. Designers should not design for 
more than 10V nominal, and carefully check supply toler- 
ances under all conditions so that the voltages do not ex- 
ceed the maximum. 

Differential Input Voltage 

Differential input voltage is the difference in voltage be- 
tween the non-inverting (+) input and the inverting input 
(-) of the op amp. The absolute maximum differential input 
voltage is ±2V across the inputs. This limit also applies 
when there is no power supplied to the op amp. This may 
not be a problem in most conventional op amp designs, 
however, designers should avoid using the LM7131 as com- 
parator or forcing the inputs to different voltages. In some 
designs, diode protection may be needed between the in- 
puts. See Figure 12. 

Gain of + 2 



Output Short Circuits 

The LM7131 has output short circuit protection, however, it 
is not designed to withstand continuous short circuits, very 
fast high energy transient voltage or current spikes, or 
shorts to any voltage beyond the power supply rails. De- 
signs should reduce the number and energy level of any 
possible output shorts, especially when used with ± 5 V sup- 
plies. 

A resistor in series with the output, such as the 75 ft resistor 
used to back terminate 75ft cables, will reduce the effects 
of shorts. For outputs which will send signals off the PC 
board additional protection devices, such as diodes to the 
power rails, zener-type surge suppressors, and varistors 
may be useful. 

Thermal Management 

Note that the SOT23-5 (Tiny) package has less power dissi- 
pation capability (325°/ W) than the SO-8 and DIP packages 
(115°/W). This may cause overheating with ±5 supplies 
and heavy loads at high ambient temps. This is less of a 
problem when using + 5 V single supplies. 

Example: 

Driving a 150ft load to 2.0V at a 40°C (104 °F) ambient 
temperature. (This is common external maximum tempera- 
ture for office environments. Temperatures inside equip- 
ment may be higher.) 


No load power- 

No load LM7131 supply current - 9.0 mA 
Supply voltage is 5.0V 

No load LM7131 power - 9.0 mA x 5.0V = 45 mW 
Power with load- 

Current out is 2.0V/ 150 ft = 13.33 mA 
Voltage drop in LM7131 is 5.0V (supply) - 2.0V 
(output) = 3.0V 

Power dissipation 1 3.33 mA x 3.0V = 40 mW 
Total Power = 45 mW + 40 mW = 85 mW = 
0.085 

Temperature Rise = 0.085 W x 325°/ W = 27.625 
degrees 

Junction temperature at 40° ambient = 40 + 
27.625 = 67.6225°. 

This device is within the 0° to 70° specification limits. 

The 325°/W value is based on still air and the pc board land 
pattern shown in this datasheet. Actual power dissipation is 
sensitive to PC board connections and airflow. 

SOT23-5 power dissipation may be increased by airflow or 
by increasing the metal connected to the pads, especially 
the center pin (pin number 2, V-) on the left side of the 
SOT23-5. This pin forms the mounting paddle for the die 
inside the SOT23-5, and can be used to conduct heat away 
from the die. The land pad for pin 2 can be made larger 
and/or connected to power planes in a multilayer board. 
Additionally, it should be noted that difficulty in meeting per- 
formance specifications for the LM7131 is most common at 
cold temperatures. While excessively high junction tempera- 
tures will degrade LM7131 performance, testing has con- 
firmed that most specifications are met at a junction temper- 
ature of 85°C. 

See “Understanding Integrated Circuit Package Power Ca- 
pabilities”, Application Note AN-336, which may be found in 
the appendix of the Operational Amplifier Databook. 

Layout and Power Supply Bypassing 

Since the LM7131 is a high speed (over 50 MHz) device, 
good high speed circuit layout practices should be followed. 
This should include the use of ground planes, adequate 
power supply bypassing, removing metal from around the 
input pins to reduce capacitance, and careful routing of the 
output signal lines to keep them away from the input pins. 
The power supply pins should be bypassed on both the neg- 
ative and positive supply inputs with capacitors placed close 
to the pins. Surface mount capacitors should be used for 
best performance, and should be placed as close to the 
pins as possible. It is generally advisable to use two capaci- 
tors at each supply voltage pin. A small surface mount ca- 
pacitor with a value of around 0.01 microfarad (10 nF), usu- 
ally a ceramic type with good RF performance, should be 
placed closest to the pin. A larger capacitor, in usually in the 
range of 1.0 jllF to 4.7 juF, should also be placed near the 
pin. The larger capacitor should be a device with good RF 
characteristics and low ESR (equivalent series resistance) 
for best results. Ceramic and tantalum capacitors generally 
work well as the larger capacitor. 

For single supply operation, if continuous low impedance 
ground planes are available, it may be possible to use by- 
pass capacitors between the 4- 5V supply and ground only, 
and reduce or eliminate the bypass capacitors on the V- 
pin. 
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Using the LM7131 (Continued) 

Capacitive Load Driving 

The phase margin of the LM7131 is reduced by driving large 
capacitive loads. This can result in ringing and slower set- 
tling of pulse signals. This ringing can be reduced by placing 
a small value resistor (typically in the range of 2211-10011) 
between the LM7131 output and the load. This resistor 
should be placed as close as practical to the LM7131 out- 
put. When driving cables, a resistor with the same value as 
the characteristic impedance of the cable may be used to 
isolate the cable capacitance from the output. This resistor 
will reduce reflections on the cable. 

Input Current 

The LM7131 has typical input bias currents in the 15 jllA to 
25 jjl A range. This will not present a problem with the low 
input impedances frequently used in high frequency and vid- 
eo circuits. For a typical 7511 input termination, 20 /xA of 
input current will produce a voltage across the termination 
resistor of only 1.5 mV. An input impedance of 10 kll, how- 
ever, would produce a voltage of 200 mV, which may be 
large compared to the signal of interest. Using lower input 
impedances is recommended to reduce this error source. 

Feedback Resistor Values and Feedback Compensation 

Using large values of feedback resistances (roughly 2k) with 
low gains (such gains of 2) will result in degraded pulse 
response and ringing. The large resistance will form a pole 
with the input capacitance of the inverting input, delaying 
feedback to the amplifier. This will produce overshoot and 
ringing. To avoid this, the gain setting resistors should be 
scaled to lower values (below Ik) At higher gains (> 5) 
larger values of feedback resistors can be used. 

Overshoot and ringing of the LM7131 can be reduced by 
adding a small compensation capacitor across the feed 
back resistor. For the LM7131 values in pF to tens of pF 
range are useful initial values. Too large a value will reduce 
the circuit bandwidth and degrade pulse response. 

Since the small stray capacitance from the circuit layout, 
other components, and specific circuit bandwidth require- 
ments will vary, it is often useful to select final values based 
on prototypes which are similar in layout to the production 
circuit boards. 

Reflections 

The output slew rate of the LM7131 is fast enough to pro- 
duce reflected signals in many cables and long circuit 
traces. For best pulse performance, it may be necessary to 
terminate cables and long circuit traces with their character- 
istic impedance to reduce reflected signals. 

Reflections should not be confused with overshoot. Reflec- 
tions will depend on cable length, while overshoot will de- 
pend on load and feedback resistance and capacitance. 
When determining the type of problem, often removing or 
drastically shortening the cable will reduce or eliminate re- 
flections. Overshoot can exist without a cable attached to 
the op amp output. 


Driving Flash A/D Converters (Video Converters) 

The LM7131 has been optimized to drive flash analog to 
digital converters in a + 5V only system. Different flash A/D 
converters have different voltage input ranges. The LM7131 
has enough gain-bandwidth product to amplify standard vid- 
eo level signals to voltages which match the optimum input 
range of many types of A/D converters. 

For example, the popular 1175 type 8-bit flash A/D convert- 
er has a preferred input range from 0.6V to 2.6V. If the input 
signal has an active video range (excluding sync levels) of 
approximately 700 mV, a circuit like the one in Figure 13 can 
be used to amplify and drive an A/D. The 10 ju,F capacitor 
blocks the DC components, and allows the + input of the 
LM7131 to be biased through R clamp so that the minimum 
output is equal to Vrb of the A/D converter. The gain of the 
circuit is determined as follows: 

Output Signal Range = 2.6 V (V top) = 0.6 V (V bot- 
tom) = 2.0V 

Gain = Output Signal Range/Input Signal = 2.857 

= 2.00/0.700 

Gain = (R f /Ri) +1 = (249(1/13311) +1 
R isolation and Cf will be determined by the designer based 
on the A/D input capacitance and the desired pulse re- 
sponse of the system. The nominal values of 3311 and 5.6 
pF shown in the schematic may be a useful starting point, 
however, signal levels, A/D converters, and system per- 
formance requirements will require modification of these 
values. 

The isolation resistor, R isolation should be placed close to 
the output of the LM7131, which should be close to the A/D 
input for best results. 

R clamp is connected to a voltage level which will result in 
the bottom of the video signal matching the Vrb level of the 
A/D converter. This level will need to be set by clamping the 
black level of the video signal. The clamp voltage will de- 
pend on the level and polarity of the video signal. Detecting 
the sync signal can be done by a circuit such as the LM1881 
Video Sync Separator. 

Important Note: This is an illustration of a conceptual use of the LM7131, 
not a complete design. The circuit designer will need to modify this for input 
protection, sync, and possibly some type of gain control for varying signal 
levels. 

Some A/D converters have wide input ranges where the 
lower reference level can be adjusted. With these convert- 
ers, best distortion results are obtained if the lower end of 
the output range is about 250 mV or more above the V— 
input of the LM7131 more. The upper limit can be as high as 
4.0V with good results. 

Driving the ADC12062 + 5V 12-BIT A/D Converter 

Figure 14 shows the LM7131 driving a National ADC12062 
1 2 bit analog to digital converter. Both devices can be pow- 
ered from a single + 5V supply, lowering system complexity 
and cost. With the lowest signal voltage limited to 300 mV 
and a 3.8V peak-to-peak 100 KHz signal, bench tests have 
shown distortion less than -75 db, signal to noise ratios 
greater than 66 db, and SI NAD (signal to noise + distortion) 
values greater than 65 db. For information on the latest sin- 
gle supply analog-to-digital converters, please contact your 
National Semiconductor representative. 
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Using the LM7131 (Continued) 


Switch closes on black level of sync 




FIGURE 14. Buffering the Input with an LM7131 High Speed Op Amp 


TL/H/12313-22 



Using the LM7131 (Continued) 

CCD Amplifiers 

The LM7131 has enough gain bandwidth to amplify low lev- 
el signals from a CCD or similar image sensor and drive a 
flash analog-to-digital converter with one amplifier stage. 
Signals from CCDs, which are used in scanners, copiers, 
and digital cameras, often have an output signal in the 1 00 
mV-300 mV range. See Figure 15 for a conceptual dia- 
gram. With a gain of 6 the output to the flash analog-to- 
digital converter is 1 .8V, matching 90% of the converter’s 
2 V input range. With a -3db bandwidth of 70 MHz for a 
gain of + 1, the bandwidth at a gain of 6 will be 1 1.6 MHz. 
This 11.6 MHz bandwidth will result in a time constant of 
about 1 3.6 ns. This will allow the output to settle to 7 bits of 
accuracy within 4.9 time constants, or about 66 ns. Slewing 
time for a 1 .8 V step will be about 1 2 ns. The total slewing 
and settling time will be about 78 ns of the 1 50 ns pixel valid 
time. This will leave about 72 ns total for the flash converter 
signal acquisition time and tolerance for timing signals. 

For scanners and copiers with moving scan bars, the 
SOT23-5 package is small enough to be placed next to the 
light sensor. The LM7131 can drive a cable to the main 
electronics section from the scan bar. This can reduce 
noise pickup by amplifying the signal before sending on the 
cable. 

A/D Reference Drivers 

The LM7131’s output and drive capability make it a good 
choice for driving analog-to-digital references which have 
suddenly changing loads. The small size of the SOT23-5 
package allow the LM7131 to be placed very close to the 
A/D reference pin, maximizing response. The small size 
avoids the penalty of increased board space. Often the 
SOT23-5 package is small enough that it can fit in space 
used by the large capacitors previously attached to the A/D 
reference. By acting as a buffer for a reference voltage, 
noise pickup can be reduced and the accuracy may be in- 
creased. 


For additional space savings, the LM4040 precision voltage 
reference is available in a tiny SOT23-3 package. 

Video Gain of + 2 

The design of the LM7131 has been optimized for gain of 
+ 2 video applications. Typical values for differential gain 
and phase are 0.25% differential gain and 0.75 degree dif- 
ferential phase. See Figure 12. 

Improving Video Performance 

Differential gain and phase performance can be improved 
by keeping the active video portion of the signal above 
300 mV. The sync signal can go below 300 mV without af- 
fecting the video quality. If it is possible to AC couple the 
signal and shift the output voltage slightly higher, much bet- 
ter video performance is possible. For a + 5 V single supply, 
an output range between 2.0V and 3.0V can have a differen- 
tial gain of 0.07% and differential phase of 0.3 degree when 
driving a 1 50ft load. For a + 3V single supply, the output 
should be between 1.0V and 2.0 V. 

Cable Driving with + 5V Supplies 

The LM7131 can easily drive a back-terminated 75ft video 
cable (150ft load) when powered by a + 5V supply. See 
Figures 2 , 3 and 4. This makes it a good choice for video 
output for portable equipment, personal digital devices, and 
desktop video applications. 

The LM7131 can also supply + 2.00V to a 50ft load to 
ground, making it useful as driver in 50ft systems such as 
portable test equipment. 

Cable Driving with + 3V Supplies 

The LM7131 can drive 150ft to 2.00V when supplied by a 
3 V supply. This 3 V performance means that the LM7131 is 
useful in battery powered video applications, such as cam- 
corders, portable video mixers, still video cameras, and por- 
table scanners. 



Data 

Out 


TL/H/1 231 3-23 
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Using the LM7131 (Continued) 

Audio and High Frequency Signal Processing 

The LM7131 is useful for high fidelity audio and signal pro- 
cessing. A typical LM7131 is capable of driving 2V across 
150ft (referenced to ground) at less than 0.1 % distortion at 
4 MHz when powered by a single 5V supply. 

Use with 2.5V Virtual Ground Systems 
with + 5V Single Supply Power 

Many analog systems which must work on a single +5V 
supply use a ‘virtual ground’ - a reference voltage for the 
signal processing which is usually between +5V and 0V. 
This virtual ground is usually halfway between the top and 
bottom supply rails. This is usually + 2.5V for + 5V systems 
and + 1 .5V for + 3V systems. 

The LM7131 can be used in single supply/virtual ground 
systems driving loads referenced to 2.5V. The output swing 
specifications in the data sheet show the tested voltage lim- 
its for driving a 150ft load to a virtual ground supply for 
+ 3V and +5V. A look at the output swing specifications 
shows that for heavy loads like 150 ohms, the output will 
swing as close as one diode drop (roughly, 0.7V) to the 
supply rail. This leaves a relatively wide range for + 5V sys- 
tems and a somewhat narrow range for +3V systems. One 
way to increase this output range is to have the output load 
referenced to ground — this will allow the output to swing 
lower. Another is to use higher load impedances. The output 
swing specifications show typical numbers for swing with 
loads of 600ft to ground. Note that these typical numbers 
are similar to those for a 1 50ft load. These typical numbers 
are an indication of the maximum DC performance of the 
LM7131. 

The sinking output of the LM7131is somewhat lower than 
the amplifier’s sourcing capability. This means that the 
LM7131 will not drive as much current into a load tied to 2.5 
V as it will drive into a load tied to 0V. 


Good AC performance will require keeping the output fur- 
ther away from the supply rails. For a + 5V supply and rela- 
tively high impedance load (analog-to-digital converter in- 
put) the following are suggested as an initial starting range 
for achieving high (> 60 dB) AC accuracy 
Upper output level — 

Approximately 0.8V to IV below the positive (V+) rail. 
Lower output level — 

Approximately 200 mV-300 mV above the negative rail. 
The LM7131 very useful in virtual ground systems as an 
output device for output loads which are referenced to 0V or 
the lower rail. It is also useful as a driver for capacitive 
loads, such as sample and hold circuits, and audio analog to 
digital converters. If fast amplifiers with rail-to^rail output 
ranges are needed, please see the National Semiconductor 
LM6142 datasheet. 

D/A Output Amplifier 

The LM7131 can be used as an output amplifier for fast 
digital-to-analog converters. When using the LM7131 with 
converters with an output voltage range which may exceed 
the differential input voltage limit of ±2V, it may be neces- 
sary to add protection diodes to the inputs. See Figure 16. 
For high speed applications, it may be useful to consider low 
capacitance schottky diodes. Additional feedback capaci- 
tance may be needed to control ringing due to the additional 
input capacitance from the D/A and protection diodes. 
When used with current output D/As, the input bias currents 
may produce a DC offset in the output. This offset may be 
canceled by a resistor between the positive input and 
ground. 

Spice Macromodel 

A SPICE macromodel of the LM7131 and many other Na- 
tional Semiconductor op amps is available at no charge 
from your National Semiconductor representative. 
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SOT-23-5 Tape and Reel Specification 


TAPE FORMAT 


Tape Section 

#Cavaties 

Cavity Status 

Cover Tape Status 

Leader 
(Start End) 

0 (min) 

Empty 

Sealed 

75 (min) 

Empty 

Sealed 

Carrier 

3000 

Filled 

Sealed 

250 

Filled 

Sealed 

Trailer 
(Hub End) 

125 (min) 

Empty 

Sealed 

0 (min) 

Empty 

Sealed 


TAPE DIMENSIONS 





8 mm 

0.130 

(3.3) 

0.124 

(3.15) 

0.130 

(3.3) 

0.126 

(3.2) 

0.138 ±0.002 
(3.5 ±0.05) 

0.055 ±0.004 
(1.4 ±0.11) 

0.157 

(4) 

0.315 ±0.012 
(8 ±0.3) 

Tape Size 

DIMA 

DIMAo 

DIMB 

DIM Bo 

DIM F 

DIM Ko 

DIM PI 

DIM W 
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ADVANCE INFORMATION 


LM7171 Very High Speed High Output Current 
Voltage Feedback Amplifier 


General Description 

The LM7171 is a voltage feedback amplifier optimally de- 
signed for Ay > 1 operation. It provides a very high slew 
rate at 4100V//is and a wide gain-bandwidth product band- 
width of 200 MHz while consuming only 6.5 mA of supply 
current. It is ideal for video and high speed signal process- 
ing applications such as ultrasound and pulse amplifiers. 
With 100 mA output current, the LM7171 can be used for 
video distribution, transformer driver and laser diode driver. 
The ± 15V power supplies allow for large signal swings and 
give greater dynamic range and signal-to-noise ratio. The 
LM7171 offers low SFDR and THD, ideal for ADC/DAC sys- 
tems. In addition, the LM7171 is specified for ±5V opera- 
tion for portable applications. 

The LM7171 is built on Nationals advanced VIP™ III (Verti- 
cally integrated PNP) complementary bipolar process. 


Features (Typical Unless Otherwise Noted) 
■ Easy-To-Use Voltage Feedback Topology 


■ Very High Slew Rate 4100V/juts 

■ Wide Gain-Bandwidth Product 200 MHz 

■ -3 dB Frequency @ Ay = +2 220 MHz 

■ Low Supply Current 6.5 mA 

■ High Open Loop Gain 85 dB 

■ High Output Current 100 mA 


■ Differential Gain and Phase 0.01 %, 0.02° 


■ Specified for ± 1 5V and ± 5V Operation 


Applications 

■ HDSL and ADSL Drivers 

■ Multimedia Broadcast Systems 

■ Professional Video Cameras 

■ Video Amplifiers 

■ Copiers/Scanners/Fax 

■ HDTV Amplifiers 

■ Pulse Amplifiers and Peak Detectors 

■ CATV/ Fiber Optics Signal Processing 


Typical Performance 

Large Signal Pulse Response 



TIME (20 ns/div) 

TL<H/12351-7 


Connection Diagrams 

8-Pin DIP/SO 16-Pin Wide Body SO 




Ordering Information 


Package 

Temperature Range 

Transport 

Media 

NSC 

Drawing 

Industrial 
— 40°C to + 85°C 

Military 

— 55°C to +125°C 

8-Pin DIP 

LM7171AIN, LM7171BIN 


Rails 

N08E 

8-Pin CDIP 


5962-9553601 QPA* 

Rails 

J08A 

8-Pin 

Small Outline 

LM7171AIM, LM7171BIM 


Rails 

M08A 

LM7171AIMX, LM7171 BIMX 


Tape and Reel 

16-Pin 

Small Outline 

LM7171 AIWM, LM7171 BIWM 


Rails 

M16B 

LM7171AWMX, LM7171BWMX 


Tape and Reel 


*For the military temperature grade, please refer to the Military Datasheet: MNLM7171AMJ/883 
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& 


National Semiconductor 


LM6121/LM6221/LM6321 High Speed Buffer 


General Description 

These high speed unity gain buffers slew at 800 V//xs and 
have a small signal bandwidth of 50 MHz while driving a 
50ft load. They can drive ±300 mA peak and do not oscil- 
late while driving large capacitive loads. The LM6121 family 
are monolithic ICs which offer performance similar to the 
LH0002 with the additional features of current limit and ther- 
mal shutdown. 

These buffers are built with National’s VIP™ (Vertically Inte- 
grated PNP) process which provides fast PNP transistors 
that are true complements to the already fast NPN devices. 
This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 

■ Wide bandwidth 

■ Slew rate and bandwidth 100% tested 

■ Peak output current 

■ High input impedance 

■ LH0002H pin compatible 

■ No oscillations with capacitive loads 

■ 5V to ± 1 5V operation guaranteed 

■ Current and thermal limiting 

■ Fully specified to drive 50ft lines 

Applications 

■ Line Driving 

■ Radar 

■ Sonar 


800 V/jlis 
50 MHz 

± 300 mA 
5 Mft 


Simplified Schematic 



Connection Diagrams 

Plastic DIP 




* Heat-sinking pins. See Application 
section on heat sinking require- 
ments. 

Order Number LM6221N, 
LM6321N or LM6121J/883 
See NS Package 
Number J08A or N08E 


n i/c 

V 0UT 

TL/H/9223-3 

Top View 

Note: Pin 6 connected to case. 

Order Number LM6221H or 
LM6121H/883 
See NS Package 
Number H08C 


Plastic SO 


Numbers in ( ) are for 8-pin N DIP. 



TL/H/9223-7 

*Pin 3 must be connected to the negative supply. 

** Heat-sinking pins. See Application section on heat-sinking requirements. 
These pins are at V - potential. 

Order Number LM6321M 
See NS Package Number M14A 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage 

Input to Output Voltage (Note 2) 
Input Voltage 

Output Short-Circuit to GND 
(Note 3) 

Storage Temperature Range 
Lead Temperature 
(Soldering, 1 0 seconds) 
Power Dissipation 


36V (±18) 
±7V 
± Vsupply 
Continuous 

— 65°C to + 1 50°C 

260°C 
(Note 10) 


ESD Tolerance (Note 8) 


± 2000V 


Junction Temperature (Tj( max )) 

Operating Ratings 

Operating Temperature Range 
LM6121 H/883 
LM6221 
LM6321 

Operating Supply Range 

Thermal Resistance (Oja), (Note 4) 
H Package 
N Package 
M Package 


150°C 


— 55°C to + 1 25°C 
— 40°C to +85°C 
0°C to + 70°C 
4.75 to ± 16V 

1 50°C/W 
47°C/W 
69°C/W 


Thermal Resistance (0jc), H Package 1 7°C/W 


DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vqm = 0, Rl ^ 100 kn and Rs = 50n unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin to TmaxJ all other limits t a = Tj = 25°C. 






LM6121 

LM6221 

LM6321 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Limit 

Units 





(Notes 5, 9) 

(Note 5) 

(Note 5) 


Avi 

Voltage Gain 1 

r l = i kn, V| N = ±iov 

0.990 

0.980 

0.980 

0.970 





0.970 

0.950 

0.950 


A V2 

Voltage Gain 2 

R(_ = 50H, V| N = ±10V 

0.900 

0.860 

0.860 

0.850 

V/V 




0.800 

0.820 

0.820 

Min 

Av3 

Voltage Gain 3 

R L = 50a V+ = 5V 

0.840 

0.780 

0.780 

0.750 



(Note 6) 

V|n = 2 V pp (1.5 Vpp) 

0.750 

0.700 

0.700 


Vos 

Offset Voltage 

R l = 1 kn 

15 

30 

30 

50 

mV 




50 

60 

100 

Max 

>B 

Input Bias Current 

Rl = 1 kn, Rs = 10 kn 

1 

4 

4 

5 

jaA 




7 

7 

7 

Max 

r in 

Input Resistance 

Rl = son 

5 




Mn 

Cin 

Input Capacitance 


3.5 




PF 

Ro 

Output Resistance 

'out = ±10 mA 

q 

5 

5 

5 

ft 




o 

10 

10 

6 

Max 

'si 

Supply Current 1 

Rl = 00 

15 

18 

18 

20 





20 

20 

22 

mA 

'S2 

Supply Current 2 

R l = oo, v+ = 5V 

14 

16 

16 

18 

Max 




18 

18 

20 


Voi 

Output Swing 1 

II 

_i 

cc 

13.5 

13.3 

13.3 

13.2 





13 

13 

13 


V 0 2 

Output Swing 2 

r l = loon 

12.7 

11.5 

11.5 

11 

± V 




10 

10 

10 

Min 

V 0 3 

Output Swing 3 

Rl = son 

12 

11 

9 

11 

9 

10 

9 


V04 

Output Swing 4 

r l = son, v+ = 5V 

1.8 

1.6 

1.6 

1.6 

Vpp 



(Note 6) 

1.3 

1.4 

1.5 

Min 

PSSR 

Power Supply 

V± = ±5V to ±15V 

70 

60 

60 

60 

dB 


Rejection Ratio 


55 

50 

50 

Min 
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AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vqm = 0, Rl ^ 100 kft and Rs = 50ft unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin to Tmax.‘ all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typ 

LM6121 

LM6221 

LM6321 

Units 

Limit 
(Note 5) 

Limit 
(Note 5) 

Limit 
(Note 5) 

SR-, 

Slew Rate 1 

V| N = ±1 IV, R L = 1 kft 

1200 

550 

550 

550 

V/jLtS 

Min 

sr 2 

Slew Rate 2 

V )N = ±1 IV, R L = 50ft 
(Note 7) 

800 

550 

550 

550 

sr 3 

Slew Rate 3 

V| N = 2 Vpp, R L = 50ft 

V+ = 5V (Note 6) 

50 

550 

550 

550 

BW 

-3 dB Bandwidth 

Vin = ±100 mVpp, Rl = 50ft 

C L <; 10 pF 

50 

30 

30 

30 

MHz 

Min 

Wf 

Rise Time 

Fall Time 

Rl_ = 50ft, Cl ^ 10 pF 

Vq = 100 mVpp 

7.0 




ns 

tpd 

Propagation 

Delay Time 

Rl — 50ft, C L ^ 10 pF 

Vo =100 mVpp 

4.0 




ns 

Os 

Overshoot 

Rl — 50ft, Cl ^ 10 pF 

Vq =100 mVpp 

10 




% 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 2: During current limit or thermal limit, the input current will increase if the input to output differential voltage exceeds 8V. For input to output differential 
voltages in excess of 8V the input current should be limited to ±20 mA. 

Note 3: The LM6121 series buffers contain current limit and thermal shutdown to protect against fault conditions. 

Note 4: The thermal resistance 0 ja of the device in the N package is measured when soldered directly to a printed circuit board, and the heat-sinking pins (pins 1 , 
4, 5 and 8) are connected to 2 square inches of 2 oz. copper. When installed in a socket, the thermal resistance 0 ja of the N package is 84°C/W. The thermal 
resistance 0ja of the device in the M package is measured when soldered directly to a printed circuit board, and the heat-sinking pins (pins 1, 2, 6, 7, 8, 9, 13, 14) 
are connected to 1 square inch of 2 oz. copper. 

Note 5: Limits are guaranteed by testing or correlation. 

Note 6: The input is biased to 2.5V and Vin swings V pp about this value. The input swing is 2 V pp at all temperatures except for the Ay3 test at -55°C where it is 
reduced to 1 .5 V pp . 

Note 7: Slew rate is measured with a ± 1 1 V input pulse and 50ft source impedance at 25°C. Since voltage gain is typically 0.9 driving a 50ft load, the output swing 
will be approximately ± 1 0V. Slew rate is calculated for transitions between ± 5V levels on both rising and falling edges. A high speed measurement is done to 
minimize device heating. For slew rate versus junction temperature see typical performance curves. The input pulse amplitude should be reduced to ±10V for 
measurements at temperature extremes. For accurate measurements, the input slew rate should be at least 1700 V/ju,s. 

Note 8: The test circuit consists of the human body model of 1 20 pF in series with 1 500ft. 

Note 9: For specification limits over the full Military Temperature Range, see RETS6121X. 

Note 10: The maximum power dissipation is a function of Tj( maX ), 0ja, and Ta- The maximum allowable power dissipation at any ambient temperature is Pd — 
(Tj(max)-TA)/0JA- 
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Typical Performance Characteristics Tj = 25°C, unless otherwise specified (Continued) 
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FREQUENCY (MHz) 
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Forward Transmission 
Gain (SI 2) 



5 10 20 
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Application Hints 

POWER SUPPLY DECOUPLING 

The method of supply bypassing is not critical for stability of 
the LM6121 series buffers. However, their high current out- 
put combined with high slew rate can result in significant 
voltage transients on the power supply lines if much induc- 
tance is present. For example, a slew rate of 900 V/jus into 
a 50ft load produces a di/dt of 18 A/juts. Multiplying this by 
a wiring inductance of 50 nH (which corresponds to approxi- 
mately iy 2 " of 22 gauge wire) result in a 0.9V transient. To 
minimize this problem use high quality decoupling very close 
to the device. Suggested values are a 0.1 juF ceramic in 
parallel with one or two 2.2 jwF tantalums. A ground plane is 
recommended. 

LOAD IMPEDANCE 

The LM6121 is stable to any load when driven by a 50ft 
source. As shown in the Overshoot vs Capacitive Load 
graph, worst case is a purely capacitive load of about 
1000 pF. Shunting the load capacitance with a resistor will 
reduce overshoot. 

SOURCE INDUCTANCE 

Like any high frequency buffer, the LM6121 can oscillate at 
high values of source inductance. The worst case condition 
occurs at a purely capacitive load of 50 pF where up to 
1 00 nH of source inductance can be tolerated. With a 50ft 
load, this goes up to 200 nH. This sensitivity may be re- 
duced at the expense of a slight reduction in bandwidth by 
adding a resistor in series with the buffer input. A 100ft 
resistor will ensure stability with source inductances up to 
400 nH with any load. 

OVERVOLTAGE PROTECTION 

The LM6121 may be severely damaged or destroyed if the 
Absolute Maximum Rating of 7V between input and output 
pins is exceeded. 


If the buffer’s input-to-output differential voltage is allowed 
to exceed 7V, a base-emitter junction will be in reverse- 
breakdown, and will be in series with a forward-biased base- 
emitter junction. Referring to the LM6121 simplified sche- 
matic, the transistors involved are Q1 and Q3 for positive 
inputs, and Q2 and Q4 for negative inputs. If any current is 
allowed to flow through these junctions, localized heating of 
the reverse-biased junction will occur, potentially causing 
damage. The effect of the damage is typically increased 
offset voltage, increased bias current, and/or degraded AC 
performance. Furthermore, this will defeat the short-circuit 
and over-temperature protection circuitry. Exceeding ±7V 
input with a shorted output will destroy the device. 

The device is best protected by the insertion of the parallel 
combination of a 100 kft resistor (R1) and a small capacitor 
(Cl) in series with the buffer input, and a 100 kft resistor 
(R2) from input to output of the buffer (see Figure 1 ). This 
network normally has no effect on the buffer output. Howev- 
er, if the buffer’s current limit or shutdown is activated, and 
the output has a ground-referred load of significantly less 
than 100 kft, a large input-to-output voltage may be pres- 
ent. R1 and R2 then form a voltage divider, keeping the 
input-output differential below the 7V Maximum Rating for 
input voltages up to 14V. This protection network should be 
sufficient to protect the LM6121 from the output of nearly 
any op amp which is operated on supply voltages of ± 1 5V 
or lower. 


100pF IQOkH 



V 0UT 


TL/H/9223-6 

FIGURE 1. LM6121 with Overvoltage Protection 
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Application Hints 

HEATSINK REQUIREMENTS 

A heatsink may be required with the LM6321 depending on 
the maximum power dissipation and maximum ambient tem- 
perature of the application. Under all possible operating 
conditions, the junction temperature must be within the 
range specified under Absolute Maximum Ratings. 

To determine if a heatsink is required, the maximum power 
dissipated by the buffer, P(max), must be calculated. The 
formula for calculating the maximum allowable power dissi- 
pation in any application is Pd = (Tj(max)-TA)/0jA- For 
the simple case of a buffer driving a resistive load as in 
Figure 2 , the maximum DC power dissipation occurs when 
the output is at half the supply. Assuming equal supplies, 
the formula is Pd = Is (2V+) + V+ 2 /2 R|_. 


v+ 



Figure 3 shows copper patterns which may be used to dissi- 
pate heat from the LM6321 . 


8-Pin DIP 



14-Pin SO 



*For best results, use L = 2H 

FIGURE 3. Copper Heatsink Patterns 


The next parameter which must be calculated is the maxi- 
mum allowable temperature rise, TR(max). This is calculat- 
ed by using the formula: 

TR(max) = Tj(max) - TA(max) 
where: Tj(max) is the maximum allowable junction tempera- 
ture 

TA(max) is the maximum ambient temperature 
Using the calculated values for TR(max) and P(max), the 
required value for junction-to-ambient thermal resistance, 
0(j_A), can now be found: * 

0(J-A) = T R (max)/P(max) 

The heatsink for the LM6321 is made using the PC board 
copper. The heat is conducted from the die, through the 
lead frame (inside the part), and out the pins which are sol- 
dered to the PC board. The pins used for heat conduction 
are: 

TABLE I 


Table II shows some values of junction-to-ambient thermal 
resistance (0j_a) for values of L and W for 2 oz. copper: 


TABLE II 


Package 

L (in.) 

H (in.) 

0J-A (°C/W) 

8-Pin DIP 

2 

0.5 

47 

14-Pin SO 

1 

0.5 

69 

2 

1 

57 


Part 

Package 

Pins 

LM6321N 

8-Pin DIP 

1,4, 5,8 

LM6321M 

14-Pin SO 

1,2, 3, 6, 7, 

8, 9, 13, 14 
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National Semiconductor 


LM6125/LM6225/LM6325 High Speed Buffer 


General Description 

The LM6125 family of high speed unity gain buffers slew at 
800 V/jits and have a small signal bandwidth of 50 MHz 
while driving a 50ft load. These buffers drive ±300 mA 
peak and do not oscillate while driving large capacitive 
loads. The LM6125 contains unique features not found in 
power buffers; these include current limit, thermal shut- 
down, electronic shutdown, and an error flag that warns of 
fault conditions. 

These buffers are built with National’s VIPtm (Vertically Inte- 
grated PNP) process which provides fast PNP transistors 
that are true complements to the already fast NPN devices. 
This advanced junction-isolated process delivers high 
speed performance without the need for complex and ex- 
pensive dielectric isolation. 


Features 

■ High slew rate 800 V/jns 

■ High output current ±300 mA 

■ Stable with large capacitive loads 

■ Current and thermal limiting 

■ Electronic shutdown 

■ 5V to ± 1 5V operation guaranteed 

■ Fully specified to drive 50ft lines 

Applications 

■ Line Driving 

■ Radar 

■ Sonar 


Simplified Schematic and Block Diagram Pin Configurations 



TL/H/9222-2 



"Heat sinking pins. 

Internally connected to V - . 

Order Number LM622SN 
or LM6325N 

See NS Package Number N14A 

N/C 



Top View 


Note: Pin 4 connected to case 


Numbers in ( ) are for 14-pin N DIP. 


Order Number LM6125H/883* 
or LM6125H 

See NS Package Number H08C 


♦Available per 5962-9081501 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 36V (± 18V) 

I nput to Output Voltage (Note 2) + 7 V 

Input Voltage ± Vsupply 

Output Short-Circuit to GND 

(Note 3) Continuous 

Flag Output Voltage GND ^ Vflag ^ + Vsupply 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature 

(Soldering, 10 seconds) 260°C 


ESD Tolerance (Note 9) 

0j A (Note 4) 

H Package 
N Package 

Maximum Junction Temperature (Tj) 
Operating Temperature Range 
LM6125 
LM6225 
LM6325 


± 1500V 

150°C/W 

40°C/W 

150°C 

— 55°C to + 1 25°C 
— 40°C to + 85°C 
0°C to +70°C 


Operating Supply Voltage Range 4.75V to ± 1 6V 


DC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 1 5V, Vcm = 0, Rl ^ 1 00 ka and Rs = 50a unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin to t max: a 11 other limits Ta — Tj = 25°C. 






LM6125 

LM6225 

LM6325 


Symbol 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Limit 

Units 





(Notes 5, 10) 

(Note 5) 

(Note 5) 


A V i 

Voltage Gain 1 

R l = Ikft, V| N = ±10V 

0.990 

0.980 

0.980 

0.970 





0.970 

0.950 

0.950 


A V 2 

Voltage Gain 2 

R L = 50H, V| N = ±10V 

0.900 

0.860 

0.860 

0.850 

V/V 




0.800 

0.820 

0.820 

Min 

Av3 

Voltage Gain 3 

R l - 50H, V + = 5V 

0.840 

0.780 

0.780 

0.750 



(Note 6) 

V, N = 2 V PP (1.5 Vpp) 

0.750 

0.700 

0.700 


Vos 

Offset Voltage 

r l = i ka 

15 

30 

30 

50 

mV 




50 

60 

ioo 

Max 

! B 

Input Bias Current 

r l = i ka, R s = io ka 

1 

4 

4 

5 

juA 




7 

7 

7 

Max 

Rin 

Input Resistance 

R[_ = 50a 

5 




Ma 

C|N 

Input Capacitance 


3.5 




PF 

R 0 

Output Resistance 

Iqut ~ ±10 mA 

3 

5 

5 

5 

a 





10 

10 

6 

Max 

Isi 

Supply Current 1 

R L = oo 

15 

18 

18 

20 





20 

20 

22 


>S2 

Supply Current 2 

R l = OO, v + = 5V 

14 

16 

16 

18 

mA 




18 

18 

20 

Max 

•S/D 

Supply Current 

R l = oo, V 1 = ± 15V 

1.1 

1.5 

1.5 

1.5 



in Shutdown 


2.0 

2.0 

2.0 


Voi 

Output Swing 1 

r l = i ka 

13.5 

13.3 

13.3 

13.2 





13 

13 

13 


V 0 2 

Output Swing 2 

r l = 100 a 

12.7 

11.5 

11.5 

11 

±V 




10 

10 

10 

Min 

V03 

Output Swing 3 

r l = 5oa 

12 

11 

11 

10 





9 

9 

9 


V 0 4 

Output Swing 4 

Rl = 5oa 

1.8 

1.6 

1.6 

1.6 

Vpp 




1.3 

1.4 

1.5 

Min 

PSRR 

Power Supply 

V + = 5V (Note 6) 

70 

60 

60 

60 

dB 


Rejection Ratio 


55 

50 

50 

Min 

Vol 

Flag Pin Output 

V± = ±5V to ±15V 


300 

300 

340 

mV 


Low Voltage 

V S /D = 0V 


400 

400 

400 

Max 

lOH 

Flag Pin Output 

Vqh Flag Pin — 1 5V 

0.01 

10 

10 

10 

jliA 


High Current 

(Note 7) 

20 

20 

20 

Max 
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DC Electrical Characteristics (continued) 

The following specifications apply for Supply Voltage = ± 15V, Vcm = 0, R|_ ^ 100 kn and Rs == 50H unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin to T max; al1 other limits T A = Tj = 25°C. 

Symbol 

Parameter 

Conditions 

Typ 

LM6125 

LM6225 

LM6325 

Units 

Limit 

(Notes 5,10) 

Limit 
(Note 5) 

Limit 
(Note 5) 

Vth 

Shutdown Threshold 


1.4 




V 

V|H 

Shutdown Pin 

Trip Point High 




H SI 


V 

Min 

V| L 

Shutdown Pin 

Trip Point Low 



0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

m 

IlL 

Shutdown Pin 

Input Low Current 

V S /D = 0V 

-0.07 

-10 

-20 

-10 

-20 

-10 

-20 

juA 

Max 

IlH 

Shutdown Pin 

Input High Current 

Vs/D = 5V 

-0.05 

-10 

-20 

-10 

-20 

-10 

-20 

/utA 

Max 

lo 

Bi-State Output Current 

Shutdown Pin = 0V 
Vqut = +5V or — 5V 

1 

50 

2000 

50 

100 

100 

200 

julA 

AC Electrical Characteristics 

The following specifications apply for Supply Voltage = ± 15V, Vcm = 0, R|_ ^ 100 kn and Rs = 5011 unless otherwise noted. 
Boldface limits apply for Ta = Tj = Tmin to t max; all other limits Ta = Tj = 25°C. 

Symbol 

Parameter 

Conditions 

Typ 

LM6125 

LM6225 

LM6325 

Units 

Limit 
(Note 5) 

Limit 
(Note 5) 

Limit 
(Note 5) 

SR-| 

Slew Rate 1 

Vin = ±1 IV, R L = 1 kft 

1200 




V/jLtS 

Min 

sr 2 

Slew Rate 2 

V|n = ± 1 1 V, r l = son 

(Note 8) 

800 

550 

550 

550 

sr 3 

Slew Rate 3 

V| N = 2 V PP , R l = 5011 

V + = 5V (Note 6) 

50 




BW 

-3 dB Bandwidth 

V|n — 100 mVpp 

Rl = 5on, Cl ^ io pF 

50 

30 

30 

30 

MHz 

Min 

tr.tf 

Rise Time 

Fall Time 

Rl = 5011, C L ^ 10 pF 

Vq =100 mVpp 

8.0 




ns 

tPD 

Propagation 

Delay Time 

Rl = son, c L ^ io pF 

Vq = 100 mVpp 

4.0 




ns 

Os 

Overshoot 

Rl = 50fi, Cl ^ 10 pF 

Vq == 100 mVpp 

10 




% 

v FT 

Vin, Vout Feedthrough 
in Shutdown 

Shutdown Pin = 0V 

Vin = 4 Vpp, 1 MHz 

Rl = 50H 

-50 




dB 

c OUT 

Output Capacitance 
in Shutdown 

Shutdown Pin = 0V 





PF 

tSD 

Shutdown 

Response Time 


700 




ns 
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Electrical Characteristics (Continued) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its rated operating conditions. 

Note 2: During current limit, thermal limit, or electronic shutdown the input current will increase if the input to output differential voltage exceeds 8V. See 
Overvoltage Protection in Application Hints. 

Note 3: The LM6125 series buffers contain current limit and thermal shutdown to protect against fault conditions. 

Note 4: For operation at elevated temperature, these devices must be derated based on a thermal resistance of 0 ja and Tj max, Tj = Ta + 0 ja Pd- 0j c for the 
LM6125H and LM6225H is 1 7°C/W. The thermal impedance 0 ja of the device in the N package is 40°C/ W when soldered directly to a printed circuit board, and the 
heat-sinking pins (pins 3, 4, 5, 1 0, 1 1 , and 1 2) are connected to 2 square inches of 2 oz. copper. When installed in a socket, the thermal impedance 0 ja of the N 
package is 60°C/W. 

Note 5: Limits are guaranteed by testing or correlation. 

Note 6: The input is biased to + 2.5V, and Vin swings Vpp about this value. The input swing is 2 Vpp at all temperatures except for the Ay3 test at -55°C where it is 
reduced to 1 .5 Vpp. 

Note 7: The Error Flag is set (low) during current limit or thermal fault detection in addition to being set by the Shutdown pin. It is an open-collector output which 
requires an external pullup resistor. 

Note 8: Slew rate is measured with a ± 1 1 V input pulse and 50ft source impedance at 25°C. Since voltage gain is typically 0.9 driving a 50ft load, the output swing 
will be approximately ±10V. Slew rate is calculated for transitions between ±5V levels on both rising and falling edges. A high speed measurement is done to 
minimize device heating. For slew rate versus junction temperature see typical performance curves. The input pulse amplitude should be reduced to ± 1 0V for 
measurements at temperature extremes. For accurate measurements, the input slew rate should be at least 1700 V/ju,s. 

Note 9: The test circuit consists of the human body model of 120 pF in series with 1500ft. 

Note 10: A military RETS specification is available on request. At the time of printing, the LM6125H/883 RETS spec complied with the Boldface limits in this 
column. The LM6125H/883 may also be procured as Standard Military Drawing specification #5962-9081 501 MXX. 

Typical Performance Characteristics Ta = 25°C, Vs = ± 15V, unless otherwise specified 



Overshoot vs Capacitive Load 



10 100 1000 10,000 
LOAD CAPACITANCE (pF) 


Large Signal Response 
(R l = 1 kH) 



TIME (20ns/dlv) 


Large Signal Response 
(R l = 50H) 



TIME (20ns/div) 


TL/H/9222-5 
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Typical Performance Characteristics Ta = 25°C, Vs = ± 15V, unless otherwise specified (Continued) 


Supply Current 


-3 dB Bandwidth 



0 2 4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 



0 2 4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 



0 2 4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE (±V) 



4 8 12 16 20 24 

INPUT AMPLITUDE (Vp-p) 


Power Bandwidth 



1 2 5 10 20 50 100 

FREQUENCY (MHz) 


Input Return Gain 
($ 11 ) 











1 MAGNITUDE J 

7 
















PHASE 




1 2 5 10 20 50 100 

FREQUENCY (MHz) 


Forward Transmission 
Gain (S21) 


r 

m 

Zj 



| MAGNITUDE 





"“H 







\ 










/ 





/ 





/ 





/ 


PHASE. 



, , 


5 10 20 50 100 

FREQUENCY (MHz) 


Current Limit 


200 

180 

160 


J 

500 

400 

140 

S 

1 


120 

| 

1 

300 

80 

60 

I 

t= 

i 

200 

40 

20 


n 

% 


0 



100 



-75-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 
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PHASE (DEGREES) 



Typical Connection Diagram 


(+5 to +15V) 

V+ 
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Application Hints 

POWER SUPPLY DECOUPLING OVERVOLTAGE PROTECTION 


The method of supply bypassing is not critical for stability of 
the LM6125 series buffers. However, their high current out- 
put combined with high slew rate can result in significant 
voltage transients on the power supply lines if much induc- 
tance is present. For example, a slew rate of 900 V/jas into 
a 50 ft load produces a di/dt of 18 A//xs. Multiplying this by 
a wiring inductance of 50 nH results in a 0.9V transient. To 
minimize this problem use high quality decoupling very close 
to the device. Suggested values are a 0.1 juF ceramic in 
parallel with one or two 2.2 /xF tantalums. A ground plane is 
recommended. 

LOAD IMPEDANCE 

The LM6125 is stable into any load when driven by a 50H 
source. As shown in the Overshoot vs Capacitive Load 
graph, worst case is a purely capacitive load of about 
1000 pF. Shunting the load capacitance with a resistor will 
reduce overshoot. 

SOURCE INDUCTANCE 

Like any high-frequency buffer, the LM6125 can oscillate at 
high values of source inductance. The worst case condition 
occurs at a purely capacitive load of 50 pF where up to 
1 00 nH of source inductance can be tolerated. With a 50 fl 
load, this goes up to 200 nH. This sensitivity may be re- 
duced at the expense of a slight reduction in bandwidth by 
adding a resistor in series with the buffer input. A 100H 
resistor will ensure stability with source inductances up to 
400 nH with any load. 

ERROR FLAG LOGIC 

The Error Flag pin is an open-collector output which re- 
quires an external pull-up resistor. Flag voltage is HIGH dur- 
ing operation, and is LOW during a fault condition. A fault 
condition occurs if either the internal current limit or the 
thermal shutdown is activated, or the shutdown (S/D) pin is 
driven low by external logic. Flag voltage returns to its HIGH 
state when normal operation resumes. 

If the S/D pin is not to be used, it should be connected to 
V+. 


The LM6125 may be severely damaged or destroyed if the 
Absolute Maximum Rating of 7V between input and output 
pins is exceeded. 

If the buffer’s input-to-output differential voltage is allowed 
to exceed 7V, a base-emitter junction will be in reverse- 
breakdown, and will be in series with a forward-biased base- 
emitter junction. Referring to the LM6125 simplified sche- 
matic, the transistors involved are Q1 and Q3 for positive 
inputs, and Q2 and Q4 for negative inputs. If any current is 
allowed to flow through these junctions, localized heating of 
the reverse-biased junction will occur, potentially causing 
damage. The effect of the damage is typically increased 
offset voltage, increased bias current, and/or degraded AC 
performance. The damage is cumulative, and may eventual- 
ly result in complete device failure. 

The device is best protected by the insertion of the parallel 
combination of a 1 00 kft resistor (R1) and a small capacitor 
(Cl) in series with the buffer input, and a 100 kft resistor 
(R2) from input to output of the buffer (see Figure /). This 
network normally has no effect on the buffer output. Howev- 
er, if the buffer’s current limit or shutdown is activated, and 
the output has a ground-referred load of significantly less 
than 100 kn, a large input-to-output voltage may be pres- 
ent. R1 and R2 then form a voltage divider, keeping the 
input-output differential below the 7V Maximum Rating for 
input voltages up to 14V. This protection network should be 
sufficient to protect the LM6125 from the output of nearly 
any op amp which is operated on supply voltages of ± 1 5V 
or lower. 


100 pF 100 kil 



V 0UT 


TL/H/9222-8 

FIGURE 1. LM6125 with Overvoltage Protection 
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Na tional 


Semiconductor 


Peripheral Drivers 


Peripheral drivers is a broad definition given to interface 
power devices. The devices generally have open-collector 
output transistors that can switch hundreds of milliamps at 
high voltage and are driven by standard logic gates. They 
serve many applications including relay drivers, printer ham- 
mer drivers, lamp drivers, bus drivers, core memory drivers, 
voltage level translators, stepper motor drivers and solenoid 
drivers. 

Unlike standard logic devices, peripheral drivers have many 
varied load situations depending on the application. This re- 
quires the design engineer to interpret device specifications 
in greater detail. Designers at National Semiconductor have 
incorporated many technically advanced and useful fea- 
tures into their broad line of peripheral driver devices. 


Some of these features include: 

■ Short circuit protection at individual outputs 

■ Glitch-free power up/down 

■ Fail-safe operation 

■ Inductive fly-back protection 

■ Negative transient protection 

■ High input impedance for CMOS/NMOS compatibility 
For further information on National Semiconductor’s broad 
line of peripheral drivers, refer to the selection guide to fol- 
low and application note AN-213 in Appendix H. 
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PERIPHERAL DRIVERS SELECTION GUIDE 


Device Number and 
Temperature Range 

Drivers/ 

Package 

Logic Function 
(Driver On) 

input 

Compatibility 

(Logic) 

Output High 
Voltage (V) 

Latch-Up 
Voltage 
(Note 1)(V) 

Output Low 
Voltage (V) 

Output Low 
Current (mA) 

Propagation 

Delay 

Typ (ns) 

On Power 
Supply 
Current (mA) 

Page 

No. 

0°C to +70°C 

— 55°C to + 125°C 

DP8310 

DP7310 

8 

(Note 2) 

TTL 

30 


0.5 

100 

40 

152 

3-6 

DP8311 

DP7311 

8 

(Note 3) 

TTL 

30 


0.5 

100 

40 

125 

3-6 

DS2003C 

DS2003M 

7 

NAND 

TTL/CMOS 

50 


1.6 

350 

5000 


3-18 

DS9667C 

DS9667M 
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DS2004C 

DS2004M 

7 

NAND 

CMOS/PMOS 

50 


1.6 

350 

5000 


3-18 

DS3631 

DS1631 

2 

AND 

CMOS 

56 

40 

1.4 

300 

150 

8 

3-13 

DS3632 

DS1632 

2 

NAND 

CMOS 

56 

40 

1.4 

300 

150 

8 

3-13 

DS3633 

DS1633 

2 

OR 

CMOS 

56 

40 

1.4 

300 

150 

8 

3-13 

DS3634 

DS1634 

2 

NOR 

CMOS 

56 

40 

1.4 

300 

150 

8 

3-13 

DS3658 


4 

NAND 

TTL/LS 

70 

35 

0.7 

600 

2430 

65 

3-23 

DS3668 


4 

NAND 

TTL/LS 

70 

(Note 4) 

1.5 

600 

2000 

80 

3-26 

DS3680 


4 

(Note 5) 

TTL/CMOS 

-2.1 

-60 

-60 

-50 

10,000 

4.4 

3-29 

DS75451 

DS55451 

2 

AND 

TTL 

30 

20 

0.7 

300 

31 

55 

3-32 

DS75452 

DS55452 

2 

NAND 

TTL 

30 

20 

0.7 

300 

31 

55 

3-32 

DS75453 

DS55453 

2 

OR 

TTL 

30 

20 

0.7 

300 

31 

55 

3-32 

DS75454 

DS55454 

2 

NOR 

TTL 

30 

20 

0.7 

300 

31 

55 

3-32 


Note 1: Latch-up voltage is the maximum voltage the output can sustain when switching an inductive load. 
Note 2: DS8310 inverting, positive edge latching. 

Note 3: DS831 1 inverting, fall through latch. 

Note 4: DS3668 35V, latch-up with output fault protection. 

Note 5: DS3680 has a differential input circuit. 


HIGH CURRENT SWITCH SELECTION GUIDE 


Device 

Drivers/ 

Package 

Continuous 

Current 

Peak 

Current 

input Voltage 
Range 

Diagnostics 

LM1921* 

1 

1.0A 

2.0A 

4.5V to 26V 

none 

LM1950* 

1 

750 mA 

1.4A 

4.75V to 26V 

none 

LM1951* 

1 

1.0A 

2.5A 

4.5V to 26V 

Error Flag 

LMD18400* 

4 

1.0A 

3.0A 

6V to 28V 

Error Flag 

Thermal Shutdown Flag 

Data Output provides switch status feedback, output load fault conditions and thermal and overvoltage 
shut-down status. 


*AII incorporate Automotive transient protection. 
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High Current Switch Selection Guide 


Device 

Drivers/ 

Package 

Continuous 

Current 

Peak 

Current 

Input Voltage 
Range* 

Diagnostics 

Page 

No. 

LM1921 

1 

1.0A 

2.0A 

4.5V to 26V 

None 

3-44 

LM1950 

1 

750 mA 

1.4A 

4.75V to 26V 

None 

3-49 

LM1951 

1 

1.0A 

2.5A 

4.5V to 26V 

Error Flag 

3-54 

LMD18400 

4 

1.0A 

3.0A 

6V to 26 V 

Error Flag 

Thermal Shutdown Flag 

Data Output provides switch 
status feedback, output 
load fault conditions 

and thermal and 
overvoltage shutdown status. 

3-74 


*AII devices incorporate Automotive transient protection. 
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DP7310/DP731 1/DP8310/DP831 1 



N a t ion a l 


Semiconductor 


DP7310/DP8310/DP731 1/DP831 1 Octal Latched 
Peripheral Drivers 


General Description 

The DP731 0/8310, DP731 1/8311 Octal Latched Peripheral 
Drivers provide the function of latching eight bits of data 
with open collector outputs, each driving up to 1 00 mA DC 
with an operating voltage range of 30V. Both devices are 
designed for low input currents, high input/output voltages, 
and feature a power up clear (outputs off) function. 

The DP731 0/8310 are positive edge latching. Two active 
low write/enable inputs are available for convenient data 
bussing without external gating. 

The DP731 1 /831 1 are positive edge latches. The active low 
strobe input latches data or allows fall through operation 
when held at logic “0”. The latches are cleared (outputs off) 
with a logic “0” on the clear pin. 

Features 

■ High current, high voltage open collector outputs 

■ Low current, high voltage inputs 


■ All outputs simultaneously sink rated current “DC” with 
no thermal derating at maximum rated temperature 

■ Parallel latching or buffering 

■ Separate active low enables for easy data bussing 

■ Internal “glitch free” power up clear 

■ 10% Vqc tolerance 

Applications 

■ High current high voltage drivers 

■ Relay drivers 

■ Lamp drivers 

■ LED drivers 

■ TRIAC drivers 

■ Solenoid drivers 

■ Stepper motor drivers 

■ Level translators 

■ Fiber-optic LED drivers 


Connection Diagrams 

Dual-ln-Line Package 



' VCC 
• WE2 

di 5 

Dl6 

DI7 

DI8 


Dual-ln-Line Package 



DI7 


006 


Order Number DP7310J, DP7311J, 
DP8310N or DP8311N 
See NS Package Number J20A or N20A 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 7.0V 

Input Voltage 35V 

Output Voltage 35V 

Maximum Power Dissipation* at 25°C 
Cavity Package 1821 mW 

DP8310/DP831 1 2005 mW 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 4 sec.) 260°C 

•Derate cavity package 12.1 mW/°C above 25°C; derate molded package 
16.0 mW/°C above 25°C. 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (V C c) 

4.5 

5.5 

V 

Temperature 
DP7310/DP731 1 

-55 

+ 125 

°c 

DP8310/DP831 1 

0 

+ 70 

°c 

Input Voltage 


30 

V 

Output Voltage 


30 

V 


DC Electrical Characteristics dp73io/dp83io,dp73ii/dp83ii (Notes2and3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| H 

Logical “1 ” Input Voltage 


2.0 



V 

V|L 

Logical “0” Input Voltage 




0.8 

V 

V 0 L 

Logical “0” Output Voltage 

Data outputs latched to 
logical “0”, Vcc = Min. 






DP7310/DP731 1 

Iql = 75 mA 



0.4 

V 


DP8310/DP831 1 

Iql = 100 mA 


0.35 

0.5 

V 

•oh 

Logical “1 ” Output Current 

Data outputs latched to 
logical “1”, Vcc — Min. 






DP7310/DP731 1 

V 0 H = 25V 



500 

jitA 


DP8310/DP831 1 

V 0 H = 30V 


2.5 

250 

jllA 

1|H 

Logical “1 ” Input Current 

V| H = 2.7V, V C c = Max 


0.1 

25 

juA 

l| 

Input Current at Maximum Input 
Voltage 

V| N = 30V, V C c = Max 


1 

250 

juA 

IlL 

Logical “0” Input Current 

V|n = 0.4V, Vcc = Max 


-215 

-300 

julA 

Vclamp 

Input Clamp Voltage 

IlN = 12 mA 


-0.8 

-1.5 

V 

■CCO 

Supply Current, Outputs On 

Data outputs latched to a 
logical “0”. All Inputs are 
at logical “1”, Vcc = Max. 






DP7310 



100 

125 

mA 


DP8310 



100 

152 

mA 


DP7311 



88 

117 

mA 


DP8311 



88 

125 

mA 

icci 

Supply Current, Outputs Off 

Data outputs latched to a 
logic “1”. Other 
conditions same as Icco- 






DP7310 



40 

47 

mA 


DP8310 



40 

57 

mA 


DP7311 



25 

34 

mA 


DP8311 



25 

36 

mA 
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DP7310/DP7311/DP8310/DP8311 




DP73 1 0/DP73 1 1 /DP83 1 0/DP831 1 


AC Electrical Characteristics DP7310/DP8310: vcc = 4.sv, t a = -55°c to + i25°c 

Symbol 

Parameter 

Conditions 

Min 

Typ 


Units 


High to Low Propagation Delay 

Write Enable Input to Output 

(Figure 1) 


D 


ns 


Low to High Propagation Delay 

Write Enable Input to Output 

(Figure 1) 


70 

150 

ns 



tHOLD = 0 ns 
(Figure 1) 

45 

20 


ns 

tpWH. 

tpWL 

Minimum Write Enable Pulse 

Width 

(Figure 1) 

60 

25 


ns 

^THL 

High to Low Output Transition Time 

(Figure 1) 


16 

35 

ns 

tTLH 

Low to High Output Transition Time 

(Figure 1) 


38 

70 

ns 

C|N 

“N” Package (Note 4) 



5 

15 

PF 

AC Electrical Characteristics dp73h/dp83h : v cc = 5v, r A = 25°c 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpdO 

High to Low Propagation Delay 

Data In to Output 

(Figure 2) 


30 

60 

ns 

tpdl 

Low to High Propagation Delay 

Data to Output 

(Figure 2) 


70 

100 

ns 

tSETUP 

Minimum Set-Up Time 

Data in to Strobe Input 

tHOLD = 0 ns 
(Figure 2) 

0 

-25 


ns 

tpWL 

Minimum Strobe Enable Pulse Width 

(Figure 2) 

60 

35 


ns 

tpdC 

Propagation Delay Clear to Data Output 

(Figure 2) 


70 

135 

ns 

tpWC 

Minimum Clear Input Pulse Width 

(Figure 2) 

60 

25 


ns 

tTHL 

High to Low Output Transition Time 

(Figure 2) 


20 

35 

ns 

tTLH 

Low to High Output Transition Time 

(Figure 2) 


38 

60 

ns 

C|N 

Input Capacitance — Any Input 

(Note 4) 


5 

15 

P F 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DP7310/DP731 1 and across the 0°C to +70°C 
for the DP8310/DP8311. All typical values are for Ta =25°C, Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 

Note 4: Input capacitance is guaranteed by periodic testing. fjEST = 10 kHz at 300 mV, Ta = 25°C. 
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Logic Table 



DP7310/DP8310 


Write 

Write 

Data 

Data 

Enable 1 

Enable 2 

Input 

Output 

WE t 

we 2 

Dli-s 

DOi_s 

0 

0 

X 

Q 

0 


0 

1 

0 

_y 

1 

0 


0 

0 

1 

_jT 

0 

1 

0 

0 

i 

X 

Q 

1 

0 

X 

Q 

1 

1 

X 

Q 


DP7311/DP8311 

Clear 

CLR 

Strobe 

STR 

Data 

Input 

Dh-8 

Data 

Output 

DO -|_8 

1 

1 

X 

Q 

1 

0 

0 

1 

t 

0 

1 

0 

0 

X 

X 

1 


X = Don’t Care 
1 = Outputs Off 
0 = Outputs On 
Q = Pre-existing Output 
= Positive Edge Transition 


Block Diagrams 


DP7310/DP8310 



DATA OUT 1 
(DOi) 


DATA OUT 2 
(D0 2 ) 


DATA IN 8 
(DIB) 


WRITE ENABLE 1 
(WED 
WRITE ENABLE 2 
(WE 2 ) 



DATA OUT 8 
( 008 ) 


TL/F/5246-3 


DP7311/DP8311 


(Dh) 


(Dl 2 ) 


( 018 ) 


CLEAR 

(CHS) 

STROBE 

(STR) 



DATA OUT 1 
(DOD 


DATA OUT 2 
( 002 ) 


DATA OUT 8 
( 008 ) 


TL/F/5246-4 
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DP7310/DP7311/DP8310/DP8311 






Switching Time Waveforms 


DP7310/DP8310 



TL/F/5246-5 


DP7311/DP8311 



TL/F/5246-6 


Switching Time Test Circuits 


sv 



TL/F/5246-7 

*WE! - OV When the Input = WE 2 

FIGURE 1. DP7310/DP8310 


5V 



Pulse Generator Characteristics: 
Zo = 50ft, t r — tf = 5 ns 

FIGURE 2. DP7311/DP8311 



Typical Applications DP8310/1 1 Buffering High Current Device (Notes 1 and 2) 


PNP High Current Driver 

30V MAX, 



NPN High Current Driver 

30V MAX V+ 



VMOS High Current Driver 

Vg v+ 



Circuit Used to Reduce Peak 
Transient Lamp Current 

V B = 6.3V 



Eight Output/Four Output Fiber Optic LED Driver 


DP8311 100 mA Drivers 

v+ 



DP831 1 Parallel Outputs (200 mA) Drivers* 


v+ 



TL/F/5246-14 










National Semiconductor 

DS 1 631 /DS363 1 /DS 1 632/DS3632/DS1 633/DS3633/ 
DS1634/DS3634 CMOS Dual Peripheral Drivers 

General Description 

The DS1631 series of dual peripheral drivers was designed 
to be a universal set of interface components for CMOS 
circuits. 

Each circuit has CMOS compatible inputs with thresholds 
that track as a function of V<x (approximately y 2 Vcc)- The 
inputs are PNPs providing the high impedance necessary 
for interfacing with CMOS. 

Outputs have high voltage capability, minimum breakdown 
voltage is 56V at 250 fiA. 

The outputs are Darlington connected transistors. This al- 
lows high current operation (300 mA max) at low internal 
Vcc current levels since base drive for the output transistor 
is obtained from the load in proportion to the required load- 
ing conditions. This is essential in order to minimize loading 
on the CMOS logic supply. 

Typical Vcc = 5V power is 28 mW with both outputs ON. 

Vcc operating range is 4.5V to 1 5V. 

The circuit also features output transistor protection if the 
Vcc supply is lost by forcing the output into the high impe- 


dance OFF state with the same breakdown levels as when 
Vcc was applied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: DS75451 , 
DS75461 . This feature allows direct conversion of present 
systems to the MM74C CMOS family and DS1631 series 
circuits with great power savings. 

The DS1631 series is also TTL compatible at Vcc = 5 V. 

Features 

■ CMOS compatible inputs 

■ High impedance inputs PNP’s 

■ High output voltage breakdown 56V min 

■ High output current capability 300 mA max 

■ Same pin-outs and logic functions as DS75451 and 
DS75461 series circuits 

■ Low Vcc power dissipation (28 mW both outputs “ON” 
at 5V) 



Connection Diagrams (Dual-In-Line and Metal Can Packages) 



Order Number DS1631 J-8 
or DS3631N 


V C c 



(Pin 4 is electrically connected to the 
case.) 

Order Number DS1631H 



TL/F/5816-2 

Top View 

Order Number DS1632J-8 
or DS3632N 



Order Number DS1633J-8 
or DS3633N 


See NS Package Number J08A or N08E 


Vcc Vcc 




(Pin 4 is electrically connected to the (Pin 4 is electrically connected to the 
case.) case.) 


Order Number DS1632H Order Number DS1633H 
See NS Package Number H08C 



Order Number DS1634J-8 
or DS3634N 


Vcc 



(Pin 4 is electrically connected to the 
case.) 

Order Number DS1634H 
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DS 1 63 1/DS1 632/DS 1 633/DS 1634/DS363 1 /DS3632/DS3633/DS3634 




DS1631/DS1632/DS1633/DS1634/DS3631/DS3632/DS3633/DS3634 


Absolute Maximum Ratings (Note i) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 16V 

Voltage at Inputs - 0.3V to Vqc + 0.3V 

Output Voltage 56V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1133 mW 

Molded Package 1022 mW 

TO-5 Package 787 mW 

Lead T emperature (Soldering, 4 sec. 260°C 

"Derate cavity package 7.6 mW/°C above 25°C; derate molded package 
8.2 mW/°C above 25°C; derate TO-5 package 5.2 mW/°C above 25°C. 


Electrical Characteristics (Notes 2 and 3) 


Symbol 


ALL CIRCUITS 

V|h I Logical “1” Input Voltage {Figure 1) 


Operating Conditions 


Supply Voltage, Vcc 

Min 

Max 

DS1631/DS1632/ 

DS1633/DS1634 

4.5 

15 

DS3631 /DS3632/ 
DS3633/DS3634 

Temperature, Ta 

4.75 

15 

DS1631/DS1632/ 

DS1633/DS1634 

-55 

+ 125 

DS3631 /DS3632/ 

DS3633/DS3634 

0 

+ 70 


Conditions 


1BB1 I 


Typ Max Units 


Logical “1” Input Voltage {Figure 1) Vcc = 5V 

V C C = 10V 

Vcc z 15V 

Logical “0” Input Voltage {Figure 1) Vqc — 5V 

Vcc = 10V 

Vcc = 15V 

Logical “1 ” Input Current Vcc = 1 5V, Vin = 1 5V, {Figure 2) 


12.5 7.5 

2.5 



Vol 

Output Low Voltage 

Vcc = Min, (Figure 1), 




DS1631, DS1632, 

Iol = 100 mA 



DS1633, DS1634 

Iql ■* 300 mA 



Vcc = Min. {Figure 1), 




DS3631, DS3632, 

Iql = 100 mA 



DS3633, DS3634 

Iql = 300 mA 

DS1631/DS3631 


•cc( 0 ) Supply Currents 


lcc(i) 

tppi Propagation to “1 ” 


tpDo Propagation to “0” 

PS 1 632/DS3632 

lcc(0) Supply Currents 


Vin = 0V, {Figure 4) Vcc = 5V | Output Low 

V C c = 15V 


{Figure 4) Vcc = 5V, V^ = 5 V Output High 

1 Vcc = 1 5V, V )N = 1 5V 1 Both Drivers 
V C c = 5V, T a = 25°C, C L = 15 pF, R L = 50H, V L = 10V, 
{Figure 5) 


Vqc = 5V, T a = 25°C, C L = 15 pF, R L = 50H, V L = 10V, 
{Figure 5) 


{Figure 4) 


VCC = 5V, V| N = 5V 
V C c = 15V, V| N = 15V 


Output Low 
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Electrical Characteristics (Notes 2 and 3) (Continued) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DS1 633/DS3633 | 

•CC(O) 

Supply Currents 

V|n = 0V, (i Figure 4) 

V CC = 5V 

Output Low 


7.5 

12 

mA 

Vcc = 15V 


16 

23 

mA 



(i Figure 4) 

Vcc = 5V, V| N = 5 V 

Output High 


2 ! 

4 

mA 

V C C = 15V, V| N = 15V 


7.2 

15 

mA 

tPDI 

Propagation to “1” 

V C c = 5V, T a = 25°C, C L = 15 pF, R L = 50ft, V L = 10V, 
{Figure 5) 


500 


ns 

tPDO 

Propagation to “0” 

Vcc = 5V, T A - 25°C, C L = 15 pF, R L = 50fl, V L = 10 V, 
{Figure 5) 


750 


ns 


DS1634/DS3634 


•cc( 0 ) 

Supply Currents 

{Figure 4) 

V C c = 5 V, V| N = 5 V 

Output Low 


7.5 

12 

mA 

V CC = 15V,V| N = 15V 


18 

23 

mA 

•cc( 1 ) 


V|n = 0V, {Figure 4) 

V CC = 5 V 

Output High 


3 

5 

mA 

V CC = 15V 


11 

18 

mA 

tPDI 

Propagation to “1” 

Vcc = 5V, T A = 25°C, C L = 15 pF, R L = 50 ft, V L = 10V, 
{Figure 5) 


500 


ns 

tPDO 

Propagation to “0” 

V C C = 5V, T A = 25°C, C L = 15 pF, R L = 50H, V L = 10V, 
{Figure 5) 


750 


ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 


Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DS1631, DS1632, DS1633 and DS1634 and 
across the 0°C to +70°C range for the DS3631, DS3632, DS3633 and DS3634. All typical values are for Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Test Circuits 


Vcc 



Circuit 

Input 

Under 

Test 

Other 

Input 

Output 

Apply 

Measure 

DS3631 

V| H 

V| H 

•oh 

v OH 


V| L 

Vcc 

•OL 

V 0 L 

DS3632 

V| H 

V| H 

•OL 

V 0 L 


V| L 

Vcc 

•oh 

VOH 

DS3633 

V| H 

GND 

•oh 

VOH 


V| L 

V| L 

•OL 

V OL 

DS3634 

V| H 

GND 

•OL 

V 0L 


V| L 

V| L 

•oh 

VOH 


Note: Each input is tested separately. 

FIGURE 1.V,h,V il ,Voh,Vol 
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DS1631/DS1632/DS1633/DS1634/DS3631/DS3632/DS3633/DS3634 




DS1631/DS1632/DS1633/DS1634/DS3631/DS3632/DS3633/DS3634 


Test Circuits (Continued) 


v cc 



TL/F/5816-10 

Each input is tested separately. 

FIGURE 2. I| H 


Vcc 



Note A: Each input is tested separately. 

Note B: When testing DS1633 and DS1634 input not under test is grounded. 
For all other circuits it is at Vcc- 


FIGURE 3. I| L 



TL/F/5816-12 


Both gates are tested simultaneously. 

FIGURE 4. Ice for AND and NAND Circuits 


Schematic Diagram (Equivalent Circuit) 



TL/F/5816-15 
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DS1631 /DS 1 632/DS 1 633/DS 1 634/DS363 1 /DS3632/DS3633/DS3634 










DS2003/DS9667/DS2004 



National Semiconductor 


DS2003/DS9667/DS2004 

High Current/Voltage Darlington Drivers 


General Description 

The DS2003/DS9667/DS2004 are comprised of seven high 
voltage, high current NPN Darlington transistor pairs. All 
units feature common emitter, open collector outputs. To 
maximize their effectiveness, these units contain suppres- 
sion diodes for inductive loads and appropriate emitter base 
resistors for leakage. 

The DS2003/DS9667 has a series base resistor to each 
Darlington pair, thus allowing operation directly with TTL or 
CMOS operating at supply voltages of 5.0V. 

The DS2004 has an appropriate input resistor to allow direct 
operation from CMOS or PMOS outputs operating from sup- 
ply voltages of 6.0V to 1 5V. 


The DS2003/DS9667/DS2004 offer solutions to a great 
many interface needs, including solenoids, relays, lamps, 
small motors, and LEDs. Applications requiring sink currents 
beyond the capability of a single output may be accommo- 
dated by paralleling the outputs. 

Features 

■ Seven high gain Darlington pairs 

■ High output voltage (Vqe = 50V) 

■ High output current (lc = 350 mA) 

■ TTL, PMOS, CMOS compatible 

■ Suppression diodes for inductive loads 

■ Extended temperature range 


Connection Diagram 


Order Numbers 


16-Lead DIP 


IN A 1 


16 niu l 

in n ^ 


r 



^ I H- 


14 

4 

!T <-«- 


i^, niiT n 

INF— 5- 

l> 8 T M 


12— OUT C 

6 

Ikl r 



,l^_ > niiT r 

IN r 

iM p ^ 



UU 1 r 

12— out r 

8 

pun — 

* L^_ 


1 UUI u 

9 

uNU 


CUMMUN 


TL/F/9647-1 

Top View 



J Package 
Number 
J16A 

N Package. 
Number 
N16E 

M Package 
' Number 
M16A 

DS2003 

DS9667 

DS2003MJ 

DS2003TJ 

DS2003CJ 

DS9667MJ 

DS9667TJ 

DS9667CJ 

DS2003TN 

DS2003CN 

DS9667TN 

DS9667CN 

DS2003TM 

DS2003CM 

DS2004 

DS2004MJ 

DS2004TJ 

DS2004CJ 

DS2004TN 

DS2004CN 

DS2004TM 

DS2004CM 
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Absolute Maximum Ratings (Note i) 

If Military/ Aerospace specified devices are required, Lead Temperature 

please contact the National Semiconductor Sales Ceramic DIP (Soldering, 60 seconds) 300°C 

Office/Distributors for availability and specifications. Molded DIP (Soldering, 10 seconds) 265°C 

Storage Temperature Range Maximum Power Dissipation* at 25°C 

Ceramic DIP -65°C to + 1 75°C Cavity Package 201 6 mW 

Molded DIP -65°Cto +150°C Molded Package 1838 mW 

Operating Temperature Range s o - Package 926 mW 


DS2003M/DS9667M — 55°C to + 1 25°C ‘Derate cavity package 16.13 mW/°C above 25°C; derate molded DIP pack- 

DS2004M — 55°C to + 1 25°C age 14,7 mW/<>c above 25°C. Derate S.O. package 7.4 mW/°C. 


DS2003T/DS9667T -40°C to + 105°C Input Voltage 30V 

DS2004T — 40°C to + 105°C Output Voltage 55V 

DS2003C/ DS9667C 0°C to + 85°C Emitter-Base Voltage 6.0V 

DS2004C 0°C to + 85°C Continuous Collector Current 500 mA 

Continuous Base Current 25 mA 

Electrical Characteristics Ta = 25°C, unless otherwise specified (Note 2) 


Electrical Characteristics Ta = 25°C, unless otherwise specified (Note 2) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

•CEX 

Output Leakage 
Current 

Ta = 85°C for Commercial 

V C E = 50V (Figure la) 



100 

ju,A 

Vce = 50V, V| = 1 .0V (Figure 1b) | DS2004 



500 

VcE(Sat) 

Collector-Emitter 
Saturation Voltage 

lc = 350 mA, Ib = 500 ju,A (Figure 2) (Note 3) 


1.25 

1.6 

V 

lc = 200 mA, Ib = 350 /xA (Figure 2) 


1.1 

1.3 

lc = 100 mA, Ib = 250 jllA (Figure 2) 


0.9 

1.1 

l|(ON) 

Input Current 

V| = 3.85V (Figure 3) 

DS2003/DS9667 


0.93 

1.35 

mA 

V| = 5.0V (Figure 3) 

DS2004 


0.35 

0.5 

V| = 12 M (Figure 3) 


1.0 

1.45 

h(OFF) 

Input Current 
(Note 4) 

Ta = 85°C for Commercial 
lc = 500 ju,A (Figure 4) 

50 

100 


jaA 

V|(ON) 

Input Voltage 
(Note 5) 

Vce = 2.0V, l c = 200 mA (Figure 5) 

DS2003/DS9667 



2.4 

V 

Vce = 2.0V, lc = 250 mA (Figure 5) 




msm 

Vce = 2.0V, lc = 300 mA (Figure 5) 




Vce = 2.0V, l c = 125 mA (Figure 5) 

DS2004 




Vce = 2.0V, l c = 200 mA (Figure 5) 




V C E = 2.0V, l c = 275 mA (Figure 5) 



\ /■■■■ 

Vce = 2.0V, l c = 350 mA (Figure 5) 




C| 

Input Capacitance 



15 


mm 

tpLH 

Turn-On Delay 

0.5 V| to 0.5 V 0 



1.0 

■s 

tpHL 

Turn-Off Delay 

0.5 V| to 0.5 V 0 




mm 

Ir 

Clamp Diode 
Leakage Current 

V R = 50V (Figure 6) T A = 25°C 

T a = 85°C 



50 

100 

fxA 

julA 

v F 

Clamp Diode 
Forward Voltage 

Ip = 350 mA (Figure 7) 


1.7 

2.0 

V 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation. 

Note 2: All limits apply to the complete Darlington series except as specified for a single device type. 

Note 3: Under normal operating conditions these units will sustain 350 mA per output with Vce (Sat) = 1 - 6V at 70°C with a P ulse width of 20 ms and a duty c y cle of 
30%. 

Note 4: The l|(OFF) current limit guaranteed against partial turn-on of the output. 

Note 5: The V|(qn) voltage limit guarantees a minimum output sink current per the specified test conditions. 
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DS2003/DS9667/DS2004 







Equivalent Circuits 




Test Circuits 


OPEN +50 V 



FIGURE la 


OPEN +50 V 



FIGURE 1b 


OPEN 



FIGURE 2 


OPEN 


OPEN +50 V 


OPEN 














Na t ion a 


l Semiconductor 


DS3658 Quad High Current Peripheral Driver 


General Description 

The DS3658 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. A unique input circuit combines TTL compatibility 
with high impedance. In fact, its extreme low input current 
allows it to be driven directly by a CMOS device. 

The outputs are capable of sinking 600 mA each and offer a 
70V breakdown. However, for inductive loads the output 
should be clamped to 35V or less to avoid latch-up during 
turn off (inductive fly back protection— refer AN-213). An on- 
chip clamp diode capable of handling 800 mA is provided at 
each output for this purpose. In addition, the DS3658 incor- 
porates circuitry that guarantees glitch-free power up or 
down operation and a fail-safe feature which puts the output 
in a high impedance state when the input is open. 

The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves significantly. 

Applications 

■ Relay drivers 

■ Lamp drivers 

■ Solenoid drivers 

■ Hammer drivers 

■ Stepping motor drivers 

■ Triac drivers 


■ LED drivers 

■ High current, high voltage drivers 

■ Level translators 

■ Fiber optic LED drivers 

Features 

■ Single saturated transistor outputs 

■ Low standby power, 10 mW typical 

■ High impedance TTL compatible inputs 

■ Outputs may be tied together for increased current ca- 
pacity 

■ High output current 

600 mA per output 
2.4A per package 

■ No output latch-up at 35V 

■ Low output ON voltage (350 mV typ @ 600 mA) 

■ High breakdown voltage (70V) 

■ Open collector outputs 

■ Output clamp diodes for inductive fly back protection 

■ NPN inputs for minimal input currents (1 jaA typical) 

■ Low operating power 

■ Standard 5V power supply 

■ Power up/down protection 

■ Fail safe operation 

■ 2W power package 

■ Pin-for-pin compatible with SN75437 


Connection Diagram 


Dual-ln-Line Package 

IN A INB EN GNO GND Vcc INC IN D 



TL/F/5819-1 

Top View 

Order Number DS3658N 
See NS Package Number N16E 


Truth Table 


IN 

EN 

OUT 

H 

H 

L 

L 

H 

Z 

H 

L 

Z 

L 

L 

z 


H = High state 
L = Low state 
Z = High impedance state 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage 7V 

Input Voltage 15V 

Output Voltage 70V 

Output Current 1 .5A 

Continuous Power Dissipation 
@ 25°C Free-Air (Note 5) 2075 mW 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 4 sec.) 260°C 


Operating Conditions 

Min Max 

Supply Voltage 4.75 5.25 

Ambient Temperature 0 70 


Units 

V 

°C 


Electrical Characteristics (Notes 2 and 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| H 

Input High Voltage 


2.0 




V| L 

Input Low Voltage 




0.8 


l|H 

Input High Current 

V| N = 5.25V, Vcc = 5.25V 


1.0 

10 

jaA 

«IL 

Input Low Current 

V|n — 0.4V 



±10 

juA 

V|K 

Input Clamp Voltage 

. I| = -12 mA 


-0.8 


V 

VOL 

Output Low Voltage 

l|_ = 300 mA 


0.2 

0.4 

V 

l L = 600 mA (Note 4) 


0.35 

0.7 

V 

ICEX 

Output Leakage Current 

V c e = 70V, V| N = 0.8V 



100 

jjlA 

v F 

Diode Forward Voltage 

lp = 800 mA 


1.0 

1.6 

V 

•r 

Diode Leakage Current 

V R = 70V 



too 

fxA 

icc 

Supply Current 

All Inputs High 


60 

85 

mA 

All Inputs Low 


2 

4 

mA 


Switchini 

g Characteristics (Note 2) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpHL 

Turn On Delay 

R|_ = 600, V L = 30V 


226 


ns 

tpLH 

Turn Off Delay 

R l = 600, V L = 30V 


2430 

8000 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for T A = 25°C and Vcc = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall within 
specified continuous dissipation ratings. 

Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @ 70°C @ the rate of 16.6 mW/°C. 
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SYSTEM BUS 


AC Test Circuit 


Switching Waveforms 


Vcc 30V 



TL/F/5819-2 

’Includes probe and jig capacitance 


INPUT 


OUTPUT 



Typical Applications 


Stepping Motor Driver 

5V Vmotor** 





1 4, 5, 12,13 


TL/F/5819-4 

*L1, L2, L3, L4 are the windings of a bifilar stepping motor 
** Vmotor is the supply voltage of the motor 


Lamp Driver 






DS3668 


6 * 


National Semiconductor 


DS3668 Quad Fault Protected Peripheral Driver 


General Description 

The DS3668 quad peripheral driver is designed for those 
applications where low operating power, high breakdown 
voltage, high output current and low output ON voltage are 
required. Unlike most peripheral drivers available, a unique 
fault protection circuit is incorporated on each output. When 
the load current exceeds 1 .OA (approximately) on any out- 
put for more than a built-in delay time, nominally 1 2 jlis, that 
output will be shut off by its protection circuitry with no effect 
on other outputs. This condition will prevail until that protec- 
tion circuitry is reset by toggling the corresponding input or 
the enable pin low for at least 1 .0 juts. This built-in delay is 
provided to ensure that the protection circuitry is not trig- 
gered by turn-on surge currents associated with certain 
kinds of loads. 

The DS3668’s inputs combine TTL compatibility with high 
input impedance. In fact, its extreme low input current al- 
lows it to be driven directly by a MOS device. The outputs 
are capable of sinking 600 mA each and offer a 70V break- 
down. However, for inductive loads the output should be 
clamped to 35V or less to avoid latch up during turn off 
(inductive fly-back protection — refer AN-213). An on-chip 
clamp dibde capable of handling 800 mA is provided at 
each output for this purpose. In addition, the DS3668 incor- 
porates circuitry that guarantees glitch-free power up or 
down operation and a fail-safe feature which puts the output 
in a high impedance state when the input is open. 

The molded package is specifically constructed to allow in- 
creased power dissipation over conventional packages. The 
four ground pins are directly connected to the device chip 
with a special copper lead frame. When the quad driver is 
soldered into a PC board, the power rating of the device 
improves significantly. 


Applications 

■ Relay drivers 

■ Solenoid drivers 

■ Hammer drivers 

■ Stepping motor drivers 

■ Triac drivers 

■ LED drivers 

■ High current, high voltage drivers 

■ Level translators 

■ Fiber optic LED drivers 

Features 

■ Output fault protection 

■ High impedance TTL compatible inputs 

■ High output current— 600 mA per output 

■ No output latch-up at 35V 

■ Low output ON voltage (550 mV typ @ 600 mA) 

■ High breakdown voltage (70V) 

■ Open collector outputs 

■ Output clamp diodes for inductive fly-back protection 

■ NPN inputs for minimal input currents (1 juA typical) 

■ Low operating power 

■ Standard 5 V power supply 

■ Power up/ down protection 

■ Fail-safe operation 

■ 2W power package 

■ Pin-for-pin compatible with SN75437 


Connection Diagram 


Truth Table 


Dual-ln-Line Package 

IN A INB EN GND GND V C c INC IN 0 



TL/F/5225-1 

Top View 


IN 

EN 

OUT 

H 

H 

L 

L 

H 

Z 

H 

L 

Z 

L 

L 

z 


H = High state 
L = Low state 
Z = High impedance state 


Order Number DS3668N 
See NS Package Number N16E 
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Absolute Maximum Ratings (Note d Operating Conditions 

If Military/ Aerospace specified devices are required, Min Max Units 

please contact the National Semiconductor Sales Supply Voltage 4 75 5 25 V 

Office/Distributors for availability and specifications. Ambjent Temperature 0 70 o C 

Supply Voltage 7.0V 

Input Voltage 15V 

Output Voltage 70V 

Continuous Power Dissipation 
@ 25°C Free-Air(5) 2075 mW 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 4 seconds) 260 

Electrical Characteristics (Notes 2 and 3) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input High Voltage 


2.0 



V 

V|L 

Input Low Voltage 




0.8 

■ 

IlH 

Input High Current 

V| N = 5.25V, V C c = 5.25V 


1.0 

20 

II 

l|L 

Input Low Current 

Vim = 0.4V 



±10 


V|K 

Input Clamp Voltage 

l| = -12 m A 


-0.8 

-1.5 

V 

V 0 L 

Output Low Voltage 

l|_ = 300 mA 


0.2 

0.7 

V 

l L = 600 mA (Note 4) 


0.55 

1.5 

V 

•CEX 

Output Leakage Current 

V C E = 70V, V| N = 0.8V 



100 

jllA 

v F 

Diode Forward Voltage 

\f = 800 mA 


1.2 

1.6 

V 

>R 

Diode Leakage Current 

V R = 70V 



100 

jutA 

icc 

Supply Current 

All Inputs High 


62 

80 

mA 

All Inputs Low 


20 


mA 

Ith 

Protection Circuit 

Threshold Current 



1 

1.4 

A 

Switching Characteristics (Note 2 ) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpHL 

Turn On Delay 

R L = 60ft, V L = 30V 


0.3 

1.0 

JUS 

tpLH 

Turn Off Delay 

R L = 60ft, V L = 30V 


2 

10.0 

JUS 

tFZ 

Protection Enable Delay 
(after Detection of Fault) 


6 

12 


fxs 

tRL 

Input Low Time for 

Protection Circuit Reset 


1.0 



fxs 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to + 70°C temperature range and the 4.75V to 5.25V power supply range. All typical 
values are for T A = 25°C and V<x = 5.0V. 

Note 3: All currents into device pins are shown as positive; all currents out of device pins are shown as negative; all voltages are referenced to ground, unless 
otherwise specified. All values shown as max or min are so classified on absolute value basis. 

Note 4: All sections of this quad circuit may conduct rated current simultaneously; however, power dissipation averaged over a short interval of time must fall within 
specified continuous dissipation ratings. 

Note 5: For operation over 25°C free-air temperature, derate linearly to 1328 mW @ 70°C @ the rate of 16.6 mW/°C. 
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DS3668 


AC Test Circuit 


Vcc 30V 



* Includes probe and jig capacitance. 


TL/F/5225-2 


Switching Waveforms 



TL/F/5225-3 


Typical Application 

Stepping Motor Driver 

5V VMOTOR** 



Protection Circuit Block Diagram 



TL/F/5225-5 
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National Semiconductor 


DS3680 Quad Negative Voltage Relay Driver 


General Description 

The DS3680 is a quad high voltage negative relay driver 
designed to operate over wide ranges of supply voltage, 
common-mode voltage, and ambient temperature, with 
50 mA sink capability. These drivers are intended for switch- 
ing the ground end of loads which are directly connected to 
the negative supply, such as in telephone relay systems. 
Since there may be considerable noise and IR drop be- 
tween logic ground and negative supply ground in many ap- 
plications, these drivers are designed to operate with a high 
common-mode range ( ± 20V referenced to negative supply 
ground). Each driver has a common-mode range separate 
from the other drivers in the package, which pemits input 
signals from more than one element of the system. 

With low differential input current requirements (typically 
100 jliA), these drivers are compatible with TTL, LS and 
CMOS logic. Differential inputs permit either inverting or 
non-inverting operation. 


The driver outputs incorporate transient suppression clamp 
networks, which eliminate the need for external networks 
when used in applications of switching inductive loads. A 
fail-safe feature is incorporated to insure that, if the + IN 
input or both inputs are open, the driver will be OFF. 

Features 

■ -10V to -60V operation 

■ Quad 50 mA sink capability 

■ TTL/LS/COMS or voltage comparator input 

■ High input common-mode voltage range 

■ Very low input current 

■ Fail-safe disconnect feature 

■ Built-in output clamp diode 


Connection Diagram 


Logic Diagram 


Dual-ln-Line Package 



Top View 

Order Number DS3680J, DS3680M or DS3680N 
See NS Package Number J14A, M14A, N14A 



TL/F/5821 -2 


Truth Table 


Differential Inputs 

Outputs 

V| D ^ 2V 

On 

V| D ^ 0.8V 

Off 

Open 

Off 
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DS3680 


Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (GND to Vee~. and Any Pin) -70V 

Positive Input Voltage (Input to GND) 20V 

Negative Input Voltage (Input to Vee - ) — 5V 

Differential Voltage (+ IN tcj - IN) ± 20V 

Inductive Load Li^5h 


Recommended Operating 
Conditions 


Inductive Load L[_^5h Rel 

l u ^50mA Tem P 

Output Current - 1 00 mA 

Storage T emperature - 65°C to + 150°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 433 mW 

Molded Dip Package 1 398 mW 

SO Package 1 002 mW 

Lead Temperature (Soldering, 4 seconds) 260°C 

* Derate cavity package 9.6 mW/°C above 25°C; derate molded dip pack- 
age 11.2 mW/°C above 25 6 C; derate SO package 8.02 mW/°C above 
25°C. 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter Conditions 

V|h Logic “1” Input Voltage 

V||_ Logic “0” Input Voltage 

Iiimh Logic “1 ” Input Current Vin = 2V 



Min 

Max 

Supply Voltage (GND to Vee~) 

-10 

-60 

Input Voltage (Input to GND) 

-20 

20 

Logic ON Voltage (+ IN) 
Referenced to - IN 

2 

20 

Logic OFF Voltage ( + IN) 
Referenced to - IN 

-20 

0.8 

Temperature Range 

-25 

+ 85 


Typ Max Units 


>EE(ON) 


lEE(OFF) 


tpD(ON) 


Logic “0” Input Current 


Output ON Voltage 


Output Leakage 


Fail-Safe Output Leakage 


Output Clamp Leakage Current 


Output Clamp Voltage 
Positive Output Clamp Voltage 


ON Supply Current 


OFF Supply Current 


Propagation Delay to Driver ON 


tpD(OFF) Propagation Delay to Driver OFF L = 1 h, R|_ = 1k, 

| V| N = 3V Pulse | 1 | 10 | m-s 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range”, 
they are not meant to imply that the device should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified, the min/max limits of the table of “Electrical Characteristics” apply within the range of the table of “Operating Conditions”. All 
typical values are given for Vee - = 52V, and T^ = 25°C. 

Note 3: All current into device pins shown as positive, out of the device as negative. All voltages are referenced to ground unless otherwise noted. 


V| N = 2V 

V|N = 7V 

V| N = 0.4V 
V|N = -7V 


Iol “ 50 mA 


v OUT = Vee~ 
(Inputs Open) 


Vqut = GND 


•clamp = -50mA 
Referenced to Vee~ 

■clamp = 50 mA 
Referenced to GND 




-2 

-100 

2 

100 
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DS55451/DS55452/DS55453/DS55454/DS75451/DS75452/DS75453/DS75454 


N a t tonal Semiconductor 

DS55451/2/3/4, DS75451/2/3/4 Series 

Dual Peripheral Drivers 

General Description Features 

The DS7545X series of dual peripheral drivers is a family of ■ 300 mA output c 


versatile devices designed for use in systems that use TTL 
logic. Typical applications include high speed logic buffers, 
power drivers, relay drivers, lamp drivers, MOS drivers, bus 
drivers and memory drivers. 

The DS55451 /DS75451 , DS55452/DS75452, DS55453/ 
DS75453 and DS55454/DS75454 are dual peripheral AND, 
NAND, OR and NOR drivers, respectively, (positive logic) 
with the output of the logic gates internally connected to the 
bases of the NPN output transistors. 


Features 

■ 300 mA output current capability 

■ High voltage outputs 

■ No output latch-up at 20V 

■ High speed switching 

■ Choice of logic function 

■ TTL compatible diode-damped inputs 

■ Standard supply voltages 

■ Replaces Tl “A” and “B” series 


Connection Diagrams (Dual-ln-Line and Metal Can Packages) 



TL/F/5824-2 TL/F/5824-3 TL/F/5824-4 TL/F/5824-5 

Top View Top View Top View Top View 

Order Number DS55451J-8, Order Number DS55452J-8, Order Number DS55453J-8, Order Number DS55454J-8, 
DS75451M or DS75451N DS75452M or DS75452N DS75453M or DS75453N DS75454M or DS75454N 

See NS Package Numbers J08A, M08A* or N08E 

*See Note 5 and Appendix E regarding S.O. package power dissipation constraints. 




Top View 

Order Number DS55451H 


TL/F/5824-7 TL/F/5824- 

Top View Top View 

(Pin 4 is in Electrical Contact with the Case) 

Order Number DS55452H Order Number DS55453H 

See NS Package Number H08C 





Absolute Maximum Ratings (Note I) storage Temperature Range -65»Cto + 150"C 

If Military/Aerospace specified devices are required, Lead Temperature (Soldering, 4 sec.) 260«C 

please contact the National Semiconductor Sales r^nriitistnc 

Office/Distributors for availability and specifications. Uperailng UOnQIIIOnS 

Supply Voltage, (V C c) (Note 2) 7.0V Min Max Unlts 

Input Voltage 5.5V S^oltag* (Vcd 

DS5545X 4.5 5.5 V 

Inter-Emitter Voltage (Note 3) 5.5V DS 7545X 4 75 5 25 V 

Output Voltage (Note 4) Temperature, (T A ) 

DS55451 /DS75451, DS55452/DS75452, 30V nec^cv , 19 c or 

DS55453/DS75453, DS55454/DS75454 ^ ^ 

DS7545X 0 +70 °C 

7 _____ _ . ___ A r Derate cavity package 7.3 mW/°C above 25°C; derate molded package 

DS55451 /DS75451 , DS55452/DS75452, 300 mA 7 7 mW/ ° c above 25 o C . derate T0 _ 5 package 5-1 mW / 6 C above 25°C; 

DS55453/DS75453, DS55454/DS75454 derate SO package 7.56 mW/°C above 25°C. 

DS75451/2/3/4 Maximum Power (Note 5) 

Dissipation^ at 25°C 

Cavity Package 1 090 mW 

Molded DIP Package 957 mW 

TO-5 Package 760 mW 

SO Package 632 mW 

Electrical Characteristics 

DS55451 /DS75451 , DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Notes 6 and 7) 


Parameter 



High-Level Input Voltage 

(Figure 7) 


Low-Level Input Voltage 



Input Clamp Voltage 

Vcc = Min, 1 

= -12 mA 

Low-Level Output Voltage 

Vcc = Min, 
(Figure 7) 

V| L = 0.8V 

V| H = 2V 

High-Level Output Current 

Vcc = Min, 
(Figure 7) 

V 0H = 30V 


Min Typ Max Units 



V| L = 0.8V 


insai 

IraaMi 


DS55451 , DS55453 
DS75451, DS75453 
DS55452, DS55454 
DS75452, DS75454 


300 ju,A 


100 jaA 


Input Current at Maximum Vcc = Max, V| = 5.5V, (Figure 9) 
Input Voltage 

High-Level Input Current Vqc = Max, V| = 2.4V, (Figure 9) 

Low-Level Input Current Vcc = Max, V| = 0.4V, (Figure 8) 

Supply Current, Outputs High V c c = Max, V| = 5V 
(Figure 10) Vl Z nv 


(Figure 10) 


V| = 5 V 

DS55451 /DS75451 

V, = OV 

DS55452/DS75452 

V| = 5 V 

DS55453/DS75453 

V| = OV 

DS55454/DS75454 

< 

II 

o 

< 

DS55451 /DS75451 

> 

in 

II 

> 

DS55452/DS75452 

< 

II 

o 

< 

DS55453/DS75453 

< 

II 

cn 

< 

DS55454/ DS7 5454 
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DS55451/DS55452/DS55453/DS55454/DS75451/DS75452/DS75453/DS75454 


Switching Characteristics 


DS55451 / DS7 5451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Vcc = 5V, T A = 25°C) 


Symbol 

Parameter 

Conditions 


EBl 


Units 

tpLH 

Propagation Delay Time, Low-to-High 
Level Output 

C|_ = 15 pF, Rl == 50fl, 

Iq ~ 200 mA, (Figure 14) 

DS55451 /DS75451 


18 


ns 

DS55452/DS75452 




ns 

DS55453/DS75453 


18 

25 

ns 

DS55454/DS75454 


m 

E3 

ns 

tpHL 

Propagation Delay Time, High-to-Low 
Level Output 

C|_ =15 pF, R[_ = 50fl, 

Iq ~ 200 mA, (Figure 14) 

DS55451 /DS75451 


o 

m 

ns 

DS55452/DS75452 


m 


ns 

DS55453/DS75453 


m 

m 

ns 

DS55454/DS75454 


m 


ns 

tTLH 

Transition Time, Low-to-High Level 
Output 

Cl = 15 pF, Rl = 50n, Iq ~ 200mA, 

(Figure 14) 


D 

D 

ns 

tTHL 

Transition Time, High-to-Low Level 
Output 

Cl = 15 pF, Rl = 50fl, Iq ~ 200 mA, 

(Figure 14) 


D 


ns 

VqH 

High-Level Output Voltage after 
Switching 

V s = 20 V, l 0 ~ 300 mA, (Figure 15) 

V s - 6.5 



mV 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. ^ 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: The voltage between two emitters of a multiple-emitter transistor. 

Note 4: The maximum voltage which should be applied to any output when it is in the “OFF” state. 

Note 5: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a t short time interval must fall within 
the continuous dissipation rating. 

Note 6: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DS55450 series and across the 0°C to +70°C 
range for the DS7545X series. All typicals are given for Vcc = +5V and Ta = 25°C. 

Note 7: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 
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Truth Tables (H = high level, L = low level) 

DS55451/DS75451 DS55453/DS75453 


A 

B 

Y 

L 

L 

L (ON State) 

L 

H 

H (OFF State) 

H 

L 

H (OFF State) 

H 

H 

H (OFF State) 


A 

B 

Y 

L 

L 

L (ON State) 

L 

H 

L (ON State) 

H 

L 

L (ON State) 

H 

H 

H (OFF State) 


DS55452/DS75452 


A 

B 

Y 

L 

L 

H (OFF State) 

L 

H 

H (OFF State) 

H 

L 

H (OFF State) 

H 

H 

L (ON State) 


DS55454/DS75454 


A 

B 

Y 

L 

L 

H (OFF State) 

L 

H 

L (ON State) 

H 

L 

L (ON State) 

H 

H 

L (ON State) 


Schematic Diagrams 


DS55451/DS75451 



Resistor values shown are nominal. 


DS55453/DS75453 



DS55452/OS75452 DS55454/DS75454 
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DS55451/DS55452/DS55453/DS55454/DS75451/DS75452/DS75453/DS75454 


DC Test Circuits 



Both inputs are tested simultaneously. 

FIGURE 1.V ih ,V 0 l 


V ' < TZ>- 

I sub| Igno 


TL/F/5824-18 

Each input is tested separately. 

FIGURE 4. I|, l| H 



Each input is tested separately. 

FIGURE 2. Vil, V 0H 




TL/F/5824-19 

Each input is tested separately. 

FIGURE 5. 1 0 s 


if! 


SUB | TgND 


TL/F/5824-17 

Each input is tested separately. 

FIGURE 3. V|, l IL 


Vcc 


Vcc 

Vcc 


— O0PEN 

rnTT^O-,, 

jJl 


TL/F/5824-20 

Both gates are tested simultaneously. 

FIGURE 6. I CC H> ICCL 


Circuit 

Input 

Under 

Test 

Other 

Input 

Output 

Apply 

Measure 

DS55451 

V| H 

V|H 

VoH 

•oh 

V,|_ 

Vcc 

•OL 

V 0 L 

DS55452 

VlH 

V|H 

•OL 

VOL 

V|L 

Vcc 

v OH 

•oh 

DS55453 

V| H 

Gnd 

VoH 

•oh 

V|L 

V| L 

•OL 

V OH 

DS55454 

V|H 

Gnd 

•OL 

V 0 L 

V|L 

V| L 

Vqh 

•oh 



FIGURE 7. V| H , V IL , Iqh.Vql 


V C c 



Note A: Each input is tested separately. 
Note B: When testing DS55453/DS75453, 
DS55454/DS75454, input not 
under test is grounded. 

For all other circuits it is at 4.5V. 

TL/F/5824-22 


FIGURE 8. V,, V, L 


• 

► A, B 



B, A 

CIRCUIT 

UNDER 

TEST 

r 


TT 


Each input is tested separately. TL/F/5824-23 

FIGURE 9. I|, l| H 


V cc OPEN 



Both gates are tested simultaneously. TL/F/5824-24 

FIGURE 10. I C ch> >CCL for AND, NAND Circuits 


V cc OPEN 



Both gates are tested simultaneously. TL/F/5824-25 

FIGURE 1 1. I C ch» Iccl for OR, NOR Circuits 
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AC Test Circuits and Switching Time Waveforms 



TL/F/5824-26 



TL/F/5824-27 


Note 1: The pulse generator has the following characteristics: PRR = 1 MHz, Zout ~ 50ft. 

Note 2: Cl includes probe and jig capacitance. 

FIGURE 12. Propagation Delay Times, Each Gate 
10V 



TL/F/5824-28 


INPUT 


OUTPUT 



Note 1: The pulse generator has the following characteristics: duty cycle ^ 1%, Zqut ~ 50ft. 
Note 2: Cl includes probe and jig capacitance. 


TL/F/5824-29 


FIGURE 13. Switching Times, Each Transistor 





AC Test Circuits and Switching Time Waveforms (Continued) 


INPUT 2.4V 


10V 



TL/F/5824-30 



Note 1: The pulse generator has the following characteristics: PRR = 1.6 MHz, Zqut ~ 50ft. TL/F/5824-31 

Note 2: C|_ includes probe and jig capacitance. 

FIGURE 14. Switching Times of Complete Drivers 



AC Test Circuits and Switching Time Waveforms (Continued) 



Note 1: The pulse generator has the following characteristics: PRR - 12.5 kHz, Zout ~ 50ft. 

Note 2: Cl includes probe and jig capacitance. 

FIGURE 15. Latch-UP Test of Complete Drivers 


Typical Performance Characteristics 



10 20 40 70 100 200 400 


COLLECTOR CURRENT (mA) 


TL/F/5824-37 

FIGURE 16. Transistor Collector-Emitter Saturation Voltage vs Collector Current 
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DS55451/DS55452/DS55453/DS55454/DS75451/DS75452/DS75453/DS75454 


Typical Applications 




'Optional keep-alive resistors maintain off-state lamp current at ~ 10% to reduce surge current. 

FIGURE 17. Dual Lamp or Relay Driver 



COMPLEMENTARY OUTPUTS FOR: 
G0/N0-G0 INDICATORS 
MOS CLOCK DRIVERS 
BIPOLAR RELAYS 


FIGURE 18. Complementary Driver 
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Typical Applications (Continued) 



TL/F/5824-48 



*The two input resistors must be adjusted for the level of MOS input. 


TL/F/5824-49 


FIGURE 20. MOS Negative Logic-Level Detector 



Y = A S + B S 

Y = A B +S 


TL/F/5824-50 
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DS55451/DS55452/DS55453/DS55454/DS75451/DS75452/DS75453/DS75454 


Typical Applications (Continued) 



*lf inputs are unused, they should be connected to +5V through a Ik resistor. 


TL/F/5824-51 


■innnnj - : 
•inrurmr: 

-inru " 

TL/F/5824-52 

Low output occurs only when inputs are low simultaneously. 

FIGURE 22. In-Phase Detector 


5V O 


T 

, ► 

Ik; ; 

INPUT A O— 

INPUT B O— 

INPUT C O— 

r- 




’ 1 

- 


8 

7 

6 

i 



_JE 

DS75454 

>-c 


( H 


1 

2 

3 i 

1 


FIGURE 23. Multifunction Logic-Signal Comparator 


Y1 = A B 
Y1 = A + B 


Y2 = Y1, C = (A + B) C 
Y2 * Vl' + C = A B + C 


TL/F/5824-53 
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LM1921 



Na t 


ion a l 


Semiconductor 


LM1921 1 Amp Industrial Switch 


General Description 

The LM1921 Relay Driver incorporates an integrated power 
PNP transistor as the main driving element. The advantages 
of this over previous integrated circuits employing NPN 
power elements are several. Greater output voltages are 
available off the same supply for driving grounded loads; 
typically 4.5 volts for a 500 mA load from a 5.0 volt supply. 
The output can swing below ground potential up to 57 volts 
negative with respect to the positive power supply. This can 
be used to facilitate rapid decay times in inductive loads. 
Also, the 1C is immune to negative supply voltages or tran- 
sients. The inherent Safe Operating Area of the lateral PNP 
allows use of the 1C as a bulb driver or for capacitive loads. 
Familiar integrated circuit features such as short circuit pro- 
tection and thermal shutdown are also provided. The input 
voltage threshold levels are designed to be TTL, CMOS, 
and LSTTL compatible over the entire operating tempera- 
ture range. If several drivers are used in a system, their 
inputs and/or outputs may be combined and wired together 
if their supply voltages are also common. 


Features 

■ 1 Amp output drive 

■ Load connected to ground 

■ Low input-output voltage differential 

■ + 60 volt positive transient protection 

■ -50 volt negative transient protection 

■ Automotive reverse battery protection 

■ Short circuit proof 

■ Internal thermal overload protection 

■ Undamped output for fast decay times 

■ TTL, LSTTL, CMOS compatible input 

■ Plastic TO-220 package 

■ 100% electrical burn-in 

Applications 

■ Relays 

■ Solenoids 

■ Valves 

■ Motors 

■ Lamps 

■ Heaters 


Typical Application Circuit 


Vcc 




* Required for stability 


FIGURE 1. Test and Application Circuit 


TL/H/5271-1 


Connection Diagram 


TO-2ZO 5 LEAD 


D 5 0N/0FF 
5 4 GROUND 
} 3 GROUND 
^ 2 OUTPUT (V 0UT ) 

5 1 SUPPLY (V CC ) 

TL/H/5271 -2 

Front View 

Order Number LM1921T 
See NS Package Number T05A 


O 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 

Operating Range 4.75V to 26V 

Overvoltage Protection (1 00 ms) - 50V to + 60V 


Internal Power Dissipation 
Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temp. (Soldering, 10 seconds) 


Internally Limited 
— 40°C to + 1 25°C 
150°C 

— 65°C to + 1 50°C 
230°C 


Electrical Characteristics (V CC =12V, Iqut = 500 mA, Tj = 25°C, Vqn/OFf^V, unless otherwise specified.) 


Parameter 

Conditions 

Typ 

Tested Limits 
(Note 1) 

Design Limits 
(Note 2) 

Units 

Min 

Max 

Min 

Max 

Supply Voltage 








Operational 



4.75 

26 

6 

24 

V 

Survival 



-15 

60 



Vdc 

Transient 

1 00 ms, 1 % Duty Cycle 


-50 




V 

Supply Current 








VoN/OFF = 0 


0.6 




1.5 

mA 

VON/OFF = 2V 

k)UT = 0 m A 

6 


10 



mA 


Iout = 250 mA 

285 


350 



mA 


Iout = 500 mA 

575 


700 



mA 


Iout=ia 

1.3 


1.5 



A 

Input to Output 

Iout = 500 mA 

0.5 


0.8 



V 

Voltage Drop 

Iout=ia 

1.0 





V 

Short Circuit Current 


1.4 

1.0 

2.0 



A 


6V^V C c^24V 




.75 

3.0 

A 

Output Leakage Current 

VoN/OFF = 0 

0.1 




50 

jaA 

ON/OFF Voltage 


1.3 

0.8 

2.0 



V 

Threshhold 

6V^V C c^24V 




0.8 

2.0 

V 

ON/OFF Current 


15 

10 

30 



jaA 

Overvoltage Shutdown 


32 



26 

36 

V 

Thermal Resistance 








junction-case 

0jc 

3 





°C/W 

case-ambient 

0ca 

50 





°C/W 

Inductive Clamp 








Output Voltage 

V ON/OFF = 0 > IOUT =10 ° mA 

-60 



-120 

-45 

V 

Fault Conditions 








Output Current 








ON/OFF Floating 

Pin 5 Open 

0.1 




50 

jutA 

Ground Floating 

Pin 3 & Pin 4 Open 

0.1 




50 

jliA 

Reverse Voltage 

V CC =-15V 

-0.01 



-1 


mA 

Reverse Transient 

V C c=-50V 

-100 





mA 

Overvoltage 

V C c=+60V 

0.01 




1 

mA 

Supply Current 

Pin 1 & Pin 2 Short, No load 

10 




40 

mA 


Note 1: Guaranteed and 100% production tested. 

Note 2: Guaranteed, not necessarily 100% production tested. Not used to calculate outgoing AQL . Limits are for the temperature range of -40°C^Tj^150°C. 
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£ Typical Performance Characteristics 

5 Output Voltage Drop Device Operating Current 



JUNCTION TEMPERATURE (®C) 

TL/H/5271 -3 


Output Voltage Drop 



0 100 200 300 400 500 600 700 800 

OUTPUT CURRENT (mA) 

TL/H/5271 - 

ON/OFF Current vs. 
Junction Temperature 




0 200 400 600 800 1000 

OUTPUT CURRENT (mA) 


Output Voltage (Vqut) 


30URl*50Q4— I— 
25 L V ON/OFF* 2V - 


-40 - 20 0 20 40 60 

SUPPLY VOLTAGE (V) 

TL/H/5271 -7 

Threshold Voltage vs. 

Supply Voltage 



-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE (°C) 

TL/H/5271 -13 

Equivalent Block Diagram 


5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


Peak Output Current (Vqut) 


0 5 10 15 20 25 30 

v C c(V) 

TL/H/5271 -5 

Maximum Power 
Dissipation (TO-220) 


0 10 20 30 40 50 60 70 80 90 
AMBIENT TEMPERATURE (°C) 

TL/H/5271 -8 

ON/ OFF Current vs. 

ON/OFF Voltage 


1 2 3 4 5 6 

ON/OFF VOLTAGE (V) 





1 




ON/OFF 

O— 

5 2 

3 4 


OVER- 

VOLTAGE 

SHUTDOWN 


CHIP 

THERMAL 

SHUTDOWN 


_n_ 


FIGURE 1 
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LM1921 


Application Hints 

HIGH CURRENT OUTPUT 

The 1 Amp output is fault protected against overvoltage. If 
the supply voltage rises above approximately 30 volts, the 
output will automatically shut down. This protects the inter- 
nal circuitry and enables the 1C to survive higher voltage 
transients than would otherwise be expected. The 1921 will 
survive transients and DC voltages up to 60 volts on the 
supply. The output remains off during this time, independent 
of the state of the input logic voltage. This protects the load. 
The high current output is also protected against short cir- 
cuits to either ground or supply voltage. Standard thermal 
shutdown circuits are employed to protect the 1921 from 
over heating. 

FLYBACK RESPONSE 

Since the 1921 is designed to drive inductive as well as any 
other type of load, inductive kickback can be expected 
whenever the output changes state from on to off (see 
waveforms on Figure 1). The driver output was left un- 
damped since it is often desirable in many systems to 
achieve a very rapid decay in the load current. In applica- 
tions where this is not true, such as in Figure 2, a simple 
external diode clamp will suffice. In this application, the inte- 
grated current in the inductive load is controlled by varying 
the duty cycle of the input to the driver 1C. This technique 
achieves response characteristics that are desirable for cer- 
tain automotive transmission solenoids, for example. 

For applications requiring a rapid controlled decay in the 
solenoid current, such as fuel injector drivers, an external 
zener and diode can be used as in Figure 3. The voltage 
rating of the zener should be such that it breaks down be- 
fore the output of tfie LM1921. The minimum output break- 
down voltage of the 1C output is rated at -57 volts with 
respect to the supply voltage. Thus, on a 12 volt supply, the 


combined zener and diode breakdown should be less than 
45 volts. 

The LM1921 can be used alone as a simple relay or sole- 
noid driver where a rapid decay of the load current is de- 
sired, but the exact rate of decay is not critical to the sys- 
tem. If the output is unclamped as in Figure 1, and the load 
is inductive enough, the negative flyback transient will cause 
the output of the 1C to breakdown and behave similarly to a 
zener clamp. Relying upon the 1C breakdown is practical, 
and will not damage or degrade the 1C in any way. There are 
two considerations that must be accounted for when the 
driver is operated in this mode. The 1C breakdown voltage is 
process and lot dependent. Clamp voltages ranging from 
-60 to -120 volts (with respect to the supply voltage) will 
be encountered over time on different devices. This is not at 
all critical in most applications. An important consideration, 
however, is the additional heat dissipated in the 1C as a 
result. This must be added to normal device dissipation 
when considering junction temperatures and heat sinking 
requirements. Worst case for the additional dissipation can 
be approximated as: 

Additional Pp = I 2 x L x f (Watts) 
where: I = peak solenoid current (Amps) 

L = solenoid inductance (Henries) 
f = maximum frequency input signal (Hz) 

For solenoids where the inductance is less than ten milli- 
henries, the additional power dissipation can be ignored. 
Overshoot, undershoot, and ringing can occur on certain 
loads. The simple solution is to lower the Q of the load by 
the addition of a resistor in parallel or series with the load. A 
value that draws one tenth of the current or DC voltage of 
the load is usually sufficient. 




FIGURE 2. Diode Clamp 


FIGURE 3 

Zener clamp for rapid controlled current decay 
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conductor 


LM1950 750 mA High Side Switch 


General Description 

The LM1950 is a high current, high side (PNP) power switch 
for driving ground referenced loads. Intended for industrial 
and automotive applications the LM1950 is guaranteed to 
deliver 750 mA continuous load current (with typically 1 .4 
Amps peak) and can withstand supply voltage transients up 
to 4- 60V and -50 V. When switched OFF the quiescent 
current drain from the input power supply is less than 
1 00 jliA which can allow continuous connection to a battery 
power source. 

The LM1950 will drive all types of resistive or reactive loads. 
To obtain a rapid decay time of the energy in inductive 
loads, the output is internally protected but not clamped and 
can swing below ground to at least 54V negative with re- 
spect to the input power supply voltage. 

The ON/OFF input can be driven with standard 5V TTL or 
CMOS compatible logic levels independent of the Vcc sup- 
ply voltage used. Built in protection features include short 
circuit protection, thermal shutdown, over-voltage shutdown 
to protect load circuits and protection against reverse polari- 
ty input connections. The LM1950 is available in a 5-lead 
power TO-220 package and specified over a wide -40°C to 
1 25°C operating temperature range. 


Features 

■ 750 mA continuous output drive current 

■ Less than 1 00 /mA quiescent current in OFF state 

■ Low input/output voltage drop 

■ + 60V/ -50V transient protection 

■ Drives resistive or reactive loads 

■ Undamped output for fast inductive decay tmies 

■ Reverse battery protected 

■ Short circuit proof 

■ Overvoltage shutdown to protect loads 

■ TTL/CMOS compatible control input 

■ Thermal overload protection 

Applications 

■ Relay driver 

■ Solenoid/Valve driver 

■ Lamp driver 

■ Load circuit switching 

■ Motor driver 


Typical Application 



TO 220, 5 Lead 



0N/0FF 
GROUND 
GROUND 
OUTPUT (V 0UT ) 
SUPPLY (V cc ) 


TL/H/ 11237-2 


Front View 

Order Number LM1950T 
See NS Package Number T05A 
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LM1950 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage 

Continuous 26V 

T ransient (r ^ 100 ms) - 50V to + 60V 

Reverse Polarity (continuous) - 1 5V 

On/Off Voltage - 0.3V to + 6.0V 

Power Dissipation Internally Limited 

Load Inductance 1 50 mH 

Maximum Junction Temperature 150°C 


Storage Temperature Range -65°C td + 1 50°C 

Lead Temperature 

(Soldering, 1 0 seconds) 230°C 

ESD Susceptibility (Note 2) 2000V 

Operating Ratings (Note i) 

Temperature Range (Ta) -40°Cto +125°C 

Supply Voltage Range 4.75V to 26V 

Thermal Resistances: 

Junction to Case (0j_ c ) 3°C/W 

Case to Ambient (0 c _ a ) 50°C/W 


Electrical Characteristics 

Vcc = 14V, Iout = 150 mA unless otherwise indicated. Boldface limits apply over the entire operating temperature range, 
— 40°C ^ Ta ^ 1 25°C, all other specifications are for Ta = Tj = 25°C 


Parameter 

Conditions 

Typical 

Limit 

Units 

(Limit) 

Supply Voltage 





Operational 



4.75/4.75 

V (Min) 




26/26 

V (Max) 

Survival 



— 15/ — 15 

Vqc (Min) 

Transient 

t = 1 ms, r = 100 ms, 


60/60 

V (Max) 


1 % dutycycle 


-50/ -50 

V (Min) 

Supply Current 

< < 
o o 

ii 

II II 

IV) o 
b bo 
< < 

20 

100/100 

jnA(Max) 


•out = 0 mA 

5 

10/10 

mA (Max) 


•out == 250 mA 

275 

350/350 

mA (Max) 


•out = 500 mA 

550 

700/700 

mA (Max) 


•out = 750 mA 

825 

950/950 

mA (Max) 

Input to Output 

•out = 250 mA 

0.30 

0. 5/0.6 

V (Max) 

Voltage Drop 

•out = 500 mA 

0.50 

0.7/ 1.0 

V (Max) 


•out = 750 mA 

0.75 

1. 1/1.4 

V (Max) 

Short Circuit Current 


1.5 

1.0/0.75 

A (Min) 




2. 0/2.0 

A (Max) 

Output Leakage Current 

Von/OFF = 0.8V 

10 

50/50 

jaA (Max) 

ON/OFF Input 


1.4 

0.8/O.8 

V (Min) 

Threshold Voltage 



2.0/2.O 

V (Max) 

ON /OFF Input Current 

VON/OFF = °- 8V 

0.1 

5/10 

jixA (Max) 


Von/OFF = 2.0V 

1 

10/20 

/xA (Max) 


VoN/OFF = 5.25V 

50 

100/100 

jxA (Max) 

Overvoltage Shutdown 


33 

27/27 

V (Min) 

Threshold 



37/37 

V (Max) 

Inductive Clamp 

VoN/OFF = 2V to 0.8V, 

-45 

— 120/ — 120 

V (Max) 

Output Voltage 

•out = 100 mA 


O 

* 

1 

0 

1 

V (Min) 

Output Turn-On Delay 

VoN/OFF 0.8V to 2V 

4.2 

20 

JLtS 

Output Turn-Off Delay 

VON/OFF 2V to 0.8V 

4.5 

20 

JU/S 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
Note 2: Human body model, 100 pF discharged through a 1.5 KH resistor. 
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LM1950 


Application Hints 

HIGH CURRENT OUTPUT 

The 750 mA output is fault protected against overvoltage. If 
the supply voltage rises above approximately 30V, the out- 
put will automatically shut down, This protects the internal 
circuitry and enables the 1C to survive higher voltage tran- 
sients than would otherwise be expected. The LM1950 will 
survive transients and DC voltages up to 60V on the supply. 
The output remains off during this time, independent of the 
state of the input logic voltage. This protects the load. The 
high current output is also protected against short circuits to 
either ground or supply voltage. Standard thermal shutdown 
circuits are employed to protect the LM1 950 from over heat- 
ing. 

FLYBACK RESPONSE 

Since the LM1950 is designed to drive inductive as well as 
any other type of load, inductive kickback can be expected 
whenever the output changes state from ON to OFF (See 
Waveform on Figure 1). The driver output was left un- 
damped since it is often desirable in many systems to 
achieve a very rapid decay in the load current. In applica- 
tions where this is not true, such as in Figure 2 , a simple 
external diode clamp will suffice. In this application, the inte- 
grated current in the inductive load is controlled by varying 
the duty cycle of the input to the drive 1C. This technique 
achieves response characteristics that are desirable for cer- 
tain automotive transmission solenoids, for exarnple. 

For applications requiring a rapid controlled decay in the 
solenoid current, such as fuel injector drivers, an external 
zener and diode can be used as in Figure 3. The voltage 
rating of the zener should be such that it breaks down be- 
fore the output of the LM1950. The minimum output break- 
down voltage of the 1C output is rated at -54V with respect 
to the supply voltage. 


The LM1950 can be used alone as a simple relay or sole- 
noid driver where a rapid decay of the load current is de- 
sired, but the exact rate of decay is not critical to the sys- 
tem. If the output is unclamped as in Figure 1, and the load 
is inductive enough, the negative flyback transient will cause 
the output of the 1C to breakdown and behave similarly to a 
zener clamp. Relying upon the 1C breakdown is practical 
and will not damage or degrade the 1C in any way. There are 
two considerations that must be accounted for when the 
driver is operated in this mode. The 1C breakdown voltage is 
process and lot dependent. Output clamp voltages ranging 
from -40V to -120V (with Vcc supply of 14V) will be en- 
countered over time on different devices. This is not at all 
critical in most applications. An important consideration, 
however, is the additional heat dissipated in the 1C as a 
result. This must be added to normal device dissipation 
when considering junction temperatures and heat sinking 
requirements. Worst case for the additional dissipation can 
be approximated as: 

Additional P D = I 2 x L x f(Watts) 

Where: I = Peak Solenoid Current (Amps) 

L = Solenoid Inductance (Henries) 
f = Maximum Frequency Input Signal (Hz) 

For solenoids where the inductance is less than ten milli- 
henries, the additional power dissipation can be ignored. 
Overshoot, undershoot, and ringing can occur on certain 
loads. The simple solution is to lower the Q of the load by 
the addition of a resistor in parallel or series with the load. A 
value that draws one tenth of the current or DC voltage of 
the load is usually sufficient. 

For frequency stability of the switch, a 0.1 jliF or larger out- 
put bypass capacitor is required. 



TL/H/1 1237-4 

FIGURE 1 


LM1950 

OUTPUT 

(PIN2) 


OUTPUT 



LM 1950 
OUTPUT 
(PIN2) 


OUTPUT 



TL/H/1 1237-5 


TL/H/1 1237-6 


FIGURE 2. Diode Clamp 


FIGURE 3. Zener Clamp for Rapid 
Controlled Current Decay 
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N a tional 


Semiconductor 


LM1951 Solid State 1 Amp Switch 


General Description 

The LM1951 is a high current, high voltage, high side (PNP) 
switch with a built-in error detection circuit. 

The LM1951 is guaranteed to deliver 1 Amp output current 
and is capable of withstanding up to ± 85V transients. The 
built-in error detection provides an error flag output under 
the following fault conditions: output short to ground or sup- 
ply, open load, current limit, overvoltage or thermal shut- 
down. The LM1951 will drive all types of resistive or induc- 
tive loads. The output has a built-in negative voltage clamp 
(~ -30V) to provide a quick energy discharge path for 
inductive loads. The LM1951 features TTL and CMOS com- 
patible logic input with hysteresis. Switching times, both turn 
on and turn off, are 2 jus (C| 0 ad < 0.005 juF). In addition, its 
quiescent current in the OFF state is typically less than 
0.1 ju,A at room temperature and less than 10 juA over the 
entire operating temperature and voltage range. 

The LM1951 features make it well suited for industrial and 
automotive applications. 


Features 

■ 0.1 juA typical quiescent current (OFF state) 

■ 1 Amp output current guaranteed 

■ ±85V transient protection 

■ Reverse voltage protection 

■ Negative output voltage clamp 

■ Error flag output 

■ Internal overvoltage shutdown 

■ Internal thermal shutdown 

■ Short circuit proof 

■ High speed switching (up to 50 kHz) 

■ Inductive or resistive loads 

■ Low ON resistance (1 Cl maximum) 

■ TTL, CMOS compatible input with hysteresis 

■ Plastic TO-220 5-lead package 

■ ESD protected 

■ 4.5V to 26V operation 


Typical Application Circuit and Connection Diagram 



TL/H/9133-1 


TO-220, 5-Lead 



0N/0FF 
ERROR FLAG 
GROUND 
OUTPUT (V 0UT ) 
SUPPLY (V cc ) 


Front View 

Order Number LM1951T 
See NS Package Number T05A 


TL/H/9133-2 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/ Distributors for availability and specifications. 

Supply Voltage 

Operational Voltage 26 Vqc 

Sustained Voltage -40 Vqc ^ Vcc ^ 85 Vqc 

T ransient Voltage Protection ± 85V 

(r = 100 ms, 1% Duty Cycle, Rs ^ 10ft) 

Pins 4, 5 26 V DC 


Power Dissipation (Note 1) 

Load Inductance 

Operating Temperature Range (Ta) 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 
ESD Tolerance (Note 4): 


Internally Limited 
1H 

-40°C to +125°C 
150°C 

-65°C to +150°C 
260°C 
2000V 


Electrical Characteristics 

Vcc = 12V, lout = 500 mA, C out = 0.001 julF, Ta = 25°C unless otherwise specified 


Parameter 

Conditions 

Typical 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

Supply Voltage, Vcc 

Operational 

Transient 



4.5 


Vmin 

26 


Vmax 

t = 100 ms, 1% Duty Cycle, Rcc ^ 10ft 


-85 


V 


85 


V 

Supply Current 

l ou t = 0 mA, Von/(5ff = 0.8V 

0.1 

10 

100 

f^Amax 

•out = 250 mA, Vqn/OFF = 2.0V 

260 

270 


m Amax 

lout = 800 mA, Von/OFF = 2.0V 

630 

650 


mAmax 

lout = 1 A, Von/OFF = 2.0 V 

1.06 

1.2 


Amax 

Voltage Drop 
(Vcc ~ Vqut) 

lout = 600 mA, Von/OFF = 2.0V 

400 

600 


mVmax 

lout = 1A, Von/OFF = 2.0V 

0.7 

1.0 


Vmax 

Short Circuit Current 

v OUT = 0V, Vqn/OFF = 2V 

1.3 

1.0 


Amin 

2.5 


Amax 

Input Threshold, Pin 5 

4.5V ^ V C c ^ 26V 

Turn ON 

1.4 

2.0 

2.0 

Vmax 

Turn OFF 

1.2 

0.8 

0.8 

Vmin 

Input Current, Pin 5 

0.8V ^ Vqn/OFF £ 5.5V 

25 

50 


^A m ax 

10 


Z^Amjn 

Output Clamp 

•out ^ 600 mA 

-30 

-40 


Vmin 

-24 


Vmax 

Delay td, ON 

Time t^, OFF 

Rload = 20ft, C|oad = 0.001 jaF 

1 

3 


M' s max 

1 

3 


/^Smax 

Rise Time 

1 

3 


^ s max 

Fall Time 

1 

3 


f^max 

Error Flag Characteristics: 
Output Voltage 

Sink Current 

Output Leakage Current 

Response Time 

Error Condition, Pin 4 Low, Sinking 10 mA 

0.3 

0.8 


Vmax 

Error Condition, Pin 4 = 0.3V 

10 

3 


m Amin 

No Error, Pin 4 = 26 V 

0.01 

1 


M-Amax 

VlOGIC = 5V, RloGIC = 2 kft, C L0 GIC = 0 jiF 

1 



JLtS 


Note 1: Thermal resistance junction-to-case is 3°C/W. Thermal resistance case-to-ambient is 50°C/W. 

Note 2: Tested Limits are guaranteed and 100% production tested. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the operating temperature and supply voltage range. These limits are not used to 
calculate outgoing quality levels. 

Note 4: Human body model, 1 00 pF discharged through a 1 .5 kft resistor. 
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LOAD CURRENT (mA) 


Error Flag Output Characteristics 
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SUPPLY VOLTAGE (V) 


JUNCTION TEMPERATURE (°C) 


Truth Table 


Over Voltage Threshold 



-50 -25 0 25 50 75 100 125 


JUNCTION TEMPERATURE (°C) 

TL/H/9133-13 


Fault Condition 

VON/OFF* 

Vout 

Error Flag 

Normal 

L 

L 

H 

H 

H 

H 

Overvoltage 

L 

L 

L 

H 

L 

L 

Thermal Shutdown 

L 

L 

L 

H 

L 

L 

Vqut Short to GND 

L 

L 

H 

H 

L 

L 

Vout Short to Vgyppiy 

L 

H 

L 

H 

H 

L 

Open Load 

L 

L 

H 

H 

H 

L 

Current Limit 

L 

L 

H 

H 

H 

L 


* L = 0 £ Vqn/CFF ^ 0.8V H = 2V £ Vqn/SFF ^ 26V 





Typical Applications 



FIGURE 1. Solenoid Actuated Valve 


TL/H/9133-4 



FIGURE 2. 60A 3-Phase Mercury Displacement Relay 


TL/H/9133-5 



TL/H/9133-6 


* Available from Germanium Power Devices, Andover, MA, Tel. (617) 475-5982 

FIGURE 3. 25A Switch with Short Circuit Foldback 



Typical Applications (Continued) 




FIGURE 5. Temperature Controller with Hysteresis 



TL/H/9133-7 


TL/H/9133-8 


FIGURE 6. DC Motor Driver 


TL/H/9133-9 
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Application Hints 

When inductive loads are turned OFF, they produce a nega- 
tive voltage spike. The LM1951 contains a voltage clamp 
that limits these spikes to approximately -30V, thus an ex- 
ternal clamp is not necessary in most applications. 

Loads with an inductance of greater than 1H, driven to full 
output current, may damage the clamp simply by exceeding 
the power capabilities of the LM1951. An LM1951 can dissi- 
pate 25W continuous at 25°C ambient when mounted on a 
large heatsink. If the load current is limited to 800 mA, the 
sustained spike from an infinitely large inductance can be 
handled. Sustained spikes produced by higher currents and 
high inductances will exceed the 25W limit. 

For inductances above 1 H, care should be taken to see that 
the output current does not exceed a value that could dam- 
age the clamp. While 800 mA is acceptable for the device 
running at 25°C ambient on a heatsink, derate this current 
for smaller heatsinks or higher ambient temperatures to limit 
the junction temperature to 1 50°C. Alternatively, an external 
clamp or resonating capacitor can be added to handle any 
combination of load inductance, load current, and device 
temperature. This is especially important if the output cur- 
rent is boosted, such as the application shown in Figure 3. A 
peak power of 750W could be developed in the internal 
clamp if an inductive load is switched without external 
clamping. 

Another case where the clamp’s power capability may be 
exceeded is when driving a solenoid. The inductance of a 
solenoid is greatest when energized, with the plunger pulled 
in. As the plunger is pulled out of the solenoid, the induc- 
tance goes down. Under certain conditions of high solenoid 
inductance and fast mechanical time constants, the current 
may actually increase when the solenoid is turned OFF. 
Since the energy stored in an inductor cannot change in- 
stantaneously, the current must increase to conserve ener- 
gy when the inductance decreases. This condition is traced 
by observing the load current with a current probe and stor- 
age oscilloscope. 

Load capacitances larger than 1 nF will slow rise and fall 
times. Inductive loads having a capacitive component larger 
than 1 nF will also exhibit overshoot. Furthermore, ringing 


may be evident in a combination inductive/ capacitive load, 
or in an inductive load with supply decoupling capacitors in 
the range of 100 nF to 1 jaF. For fast rise and fall times and 
minimum ringing with inductive loads, a supply decoupling 
capacitor of 10 nF and an output capacitor of 1 nF is recom- 
mended. These should be located as close to the 1C pins as 
possible. 

The error flag is an open collector output that pulls low un- 
der certain fault conditions. These errors include overvolt- 
age (Vcc > 26V), overcurrent (Iout > 1 3A), undercurrent 
(•out < 2 mA), output short circuit to ground, output short 
circuit to supply, and junction temperature greater than 
1 50°C. By connecting a 2 k ft resistor from the error flag 
output to a 5V supply a logic output to a microprocessor is 
provided. 

The error flag can give seemingly false indications in a num- 
ber of situations. Slewing large capacitive loads (>100 nF) 
can drive the LM1951 into temporary current limit, produc- 
ing a momentary error indication. Incandescent lamps and 
DC motors require an inrush current that will also cause a 
temporary current limit and error indication. Large inductive 
loads (>50 mH) initially appear as open circuits, falsing the 
error flag. The error flag pulses for about 1 ju,s when any 
load is turned ON since the output is initially at ground. In 
microprocessor systems these false indications are easily 
ignored in software. In discrete logic circuits utilizing a latch 
at the error flag output, some filtering may be required. 

An internal current sink (10 jaA minimum) is connected to 
the input, pin 5. If this pin is left open it is guaranteed to pull 
low, switching the LM1951 OFF. This characteristic is im- 
portant under certain fault conditions such as when the con- 
trol line fails open cirucit. 

Although the input threshold has hysteresis, the switch 
points are derived from a very stable band-gap reference. In 
many applications, such as Figures 5 and 7, the LM1951 
input can replace an extenal reference and compjarator. 
The input (pin 5) is clamped at -0.7V and includes a series 
resistance of approximately 30 kft. This pin tolerates nega- 
tive inputs of up to 1 mA without affecting the performance 
of the chip. 


3-61 


LM1951 




LM9061 


tY National Semiconductor 

LM9061 

Power MOSFET Driver with Lossless Protection 


General Description 

The LM9061 is a charge-pump device which provides the 
gate drive to any size external power MOSFET configured 
as a high side driver or switch. A CMOS logic compatible 
ON/OFF input controls the output gate drive voltage. In the 
ON state, the charge pump voltage, which is well above the 
available Vcc supply, is directly applied to the gate of the 
MOSFET. A built-in 15V zener clamps the maximum gate to 
source voltage of the MOSFET. When commanded OFF a 
110 jaA current sink discharges the gate capacitances of 
the MOSFET for a gradual turn-OFF characteristic to mini- 
mize the duration of inductive load transient voltages and 
further protect the power MOSFET. 

Lossless protection of the power MOSFET is a key feature 
of, the LM9O6I . The voltage drop (Vqs) across the power 
device is continually monitored and compared against an 
externally programmable threshold voltage. A small current 
sensing resistor in series with the load, which causes a loss 
of available energy, is not required for the protection circuit- 
ry. Should thd Vqs voltage, due to excessive load current, 
exceed the threshold voltage, the output is latched OFF in a 
more gradual fashion (through a 10 \kk output current sink) 
after a programmable delay time interval. 

Designed for the automotive application environment the 
LM9061 has a wide operating temperature range of -40°C 
to + 1 25°C, remains operational with Vcc U P t0 26V, and 
can withstand 60 V power supply transients. The LM9061 is 
available in an 8-pin small outline package, and an 8-pin 
dual in-line package. 


Features 

■ Built-in charge pump for gate overdrive of high side 
drive applications 

■ Lossless protection of the power MOSFET 

■ Programmable MOSFET protection voltage 

■ Programmable delay of protection latch-OFF 

■ Fast turn-ON (1.5 ms max with gate capacitance of 
25000 pF) 

■ Undervoltage shut OFF with Vcc < 7V 

■ Overvoltage shut OFF with Vcc > 26V 

■ Withstands 60 V supply transients 

■ CMOS logic compatible ON/OFF Control input 

■ Surface mount and dual in-line packages available 

Applications 

■ Valve, relay and solenoid drivers 

■ Lamp drivers 

■ DC motor PWM drivers 

■ Logic controlled power supply distribution switch 

■ Electronic circuit breaker 


Typical Application 


Connection Diagrams 


o 

8 

0.1 fit 

|| 

LM9061M 

7 

Cdeuy 11 


6 

15.4k 


"1 

WV 1 

Kref 


Sense 1 - 
Threshold 2 • 


't 4 — 5 V cc 

TL/H/12317-3 

Top View 

Order Number LM9061M 
See NS Package Number M08A 


Sense 1 - 
Threshold 2 > 
Ground 3 ■ 


Top View 

Order Number LM9061N 
See NS Package Number N08E 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage 60V 

Reverse Supply Current 20 mA 

Output Voltage V<x + 1 5V 

Voltage at Sense and Threshold 
(through 1 kft) -25 V to + 60 V 

ON/OFF Input Voltage -0.3V to Vcc + 0.3V 

Junction T emperature 1 50°C 

Storage Temperature - 55°C to 1 50°C 

Lead T emperature (Soldering, 1 0 seconds) 260°C 

Operating Ratings (Note 2 ) 

Supply Voltage 7V to 26V 

ON/OFF Input Voltage -0.3V to V C c 

Ambient T emperature Range - 40°C to 1 25°C 

Thermal Resistance (0 j.a) 

LM9061M 1 50°C/W 

LM9061N 100°C/W 

DC Electrical Characteristics 

7V ^ Vcc ^20V, Rref = 15.4 kft, -40°C <.Tj <. + 125°C, unless otherwise specified. 




Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

POWER SUPPLY 

•q 

Quiescent Supply Current 

ON/OFF = “0” 


5 

mA 

•cc 

Operating Supply Current 

ON/OFF = “1”, 
c LOAD = 0.025 juF, 

Includes Turn-ON 

Transient Output Current 


40 

mA 

ON/OFF CONTROL INPUT 

V| N (0) 

ON/OFF Input Logic “0” 

V 0 UT = OFF 


1.5 

V 

V| N (1) 

ON/OFF Input Logic “1” 

VquT = ON 

3.5 



VhYST 

ON/OFF Input Hysteresis 

Peak to Peak 

0.8 

2 


•in 

ON/OFF Input Pull-Down Current 

VON/OFF = 5V 

50 

250 

fxA 

GATE DRIVE OUTPUT 

VoH 

Charge Pump Output Voltage 

ON/OFF = “1” 

V CC + 7 

V CC + 15 

V 

VoL 

OFF Output Voltage 

ON/OFF = “0”, 

•SINK = HO /aA 


0.9 

V 

V CI_AMP 

Sense to Output 

Clamp Voltage 

ON/OFF = “1”, 

VSENSE = VjHRESHOLD 


15 

V 

•siNK(Normal-OFF) 

Output Sink Current, 

Normal Operation 

ON/OFF = “0”, 

Vdelay = ov, 

VSENSE = VjHRESHOLD 

75 

145 

jaA 

•siNK(Latch-OFF) 

Output Sink Current with 

Protection Comparator Tripped 

Vdelay = 7V, 

VSENSE < VjHRESHOLD 

5 

15 

julA 

PROTECTION CIRCUITRY 

•ref 

Threshold Pin Reference Current 

VSENSE = VjHRESHOLD 

75 

88 

fxA 

VrEF 

Reference Voltage 


1.15 

1.35 

V 

•tHR(LEAKAGE) 

Threshold Pin Leakage Current 

Vcc = Open, 

7V ^ VjhreSHOLD ^ 20V 


10 


•sense 

Sense Pin Input Bias Current 

VSENSE = VjhreSHOLD 


10 


DELAY TIMER 

•delay 

Delay Pin Source Current 


6.74 

15.44 

/A A 

V TIMER 

Delay Timer Threshold Voltage 


5 

6.2 

V 

•dis 

Delay Capacitor Discharge Current 

Vdelay = 5 V 

2 

10 

mA 

VSAT 

Discharge Transistor Saturation Voltage 

I D IS = 1 mA 


0.4 

V 
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AC Timing Characteristics 

7V <; Vqc ^20V, Rref = 15-4 kft, — 40°C ^ Tj <1 + 125°C, Clqad = 0-025 /xF, Cdelay = 0.022 juF, unless otherwise 
specified. t ; , 


Symbol 

Parameter 

Conditions 

Min 

Max 

Units 

Ton 

Output Turn-ON Time 

ClOAD = °025 JU'F 

7V ^ Vcc ^ 10V, Vqut ^ Vqc + 7V 

10V ^ Vqc ^ 20V, Vqut ^ Vqc + 11V 

■ 

■ 

H 

ToFF(Normal) 

Output Turn-OFF Time, 

Normal Operation 
(Note 4) 

ClOAD = °-025 J^F 

Vqq = 14V, Vqut ^ 25V 

VSENSE = VjHRESHOLD 

4 

10 

ms 

ToFF(Latch-OFF) 

Output T urn-OFF Time, 

Protection Comparator T ripped 
(Note 4) 

ClOAD ~ 0.025 ju,F 

V CC = 14V, V 0U T ^ 25V 

VSENSE = VtHRESHOLD 

45 

140 

ms 

t DELAY 

Delay Timer Interval 

Cdelay = 0.022 /xF 

8 

18 

ms 


Note 1: Absolute Maximum Ratings indicate the limits beyond which damage to the device may occur. 

Note 2: Operating Ratings indicate conditions for which the device is intended to be functional, but may not meet the guaranteed specific performance limits. For 
guaranteed specifications and test conditions see the Electrical Characteristics. 

Note 3: ESD Human Body Model: 100 pF discharged through 1500ft resistor. 

Note 4: The AC Timing specifications for Toff are not production tested, and therefore are not specifically guaranteed. Limits are provided for reference purposes 
only. Smaller load capacitances will have proportionally faster turn-ON and turn-OFF times. 


Block Diagram 


0N/0FF 

Input 


Load 

Power 



TL/H/12317-4 
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Output Sink Current ( fj,k ) Supply Current (mA) 


Typical Electrical Characteristics 
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Typical Electrical Characteristics (Continued) 

Timing Definitions 



Application Hints 

BASIC OPERATION 

The LM9061 contains a charge pump circuit that generates 
a voltage in excess of the applied supply voltage to provide 
gate drive voltage to power MOSFET transistors. Any size 
of N-channel power MOSFET, including multiple parallel 
connected MOSFETs for very high current applications, can 
be used to apply power to a ground referenced load circuit 
in what is referred to as “high side drive” applications. 
Figure 1 shows the basic application of the LM9061. 



TL/H/12317-8 

FIGURE 1. Basic Application Circuit 


When commanded ON by a logic “1 ” input to pin 7, the gate 
drive output, pin 4, rises quickly to the Vqq supply potential 
at pin 5. Once the gate voltage exceeds the gate-source 
threshold voltage of the MOSFET, Vqs(on). (the source is 
connected to ground through the load) the MOSFET turns 
ON and connects the supply voltage to the load. With the 
source at near the supply potential, the charge pump contin- 
ues to provide a gate voltage greater than the supply to 
keep the MOSFET turned ON. To protect the gate of the 
MOSFET, the output voltage of the LM9061 is clamped to 
limit the maximum Vqq to 1 5 V. 

It is important to remember that during the Turn-ON of the 
MOSFET the output current to the Gate is drawn from the 
Vqq supply pin. The Vqq pin should be bypassed with a 
capacitor with a value of at least ten times the Gate capaci- 
tance, and no less than 0.1 juF. The output current into the 
Gate will typically be 30 mA with Vqq at 14V and the Gate at 
0V. As the Gate voltage rises to Vqq, the output current will 
decrease. When the Gate voltage reaches Vqq, the output 
current will typically be 1 mA with Vqq at 1 4V. 

A logic “0” on pin 7 turns the MOSFET OFF. When com- 
manded OFF a 110 julA current sink is connected to the 
output pin. This current discharges the gate capacitances of 
the MOSFET linearly. When the gate voltage equals the 
source voltage (which is near the supply voltage) plus the 
Vqs(ON) threshold of the MOSFET, the source voltage 
starts following the gate voltage and ramps toward ground. 
Eventually the source voltage equals 0V and the gate con- 
tinues to ramp to zero thus turning OFF the power device. 
This gradual Turn-OFF characteristic, instead of an abrupt 
removal of the gate drive, can, in some applications, mini- 
mize the power dissipation in the MOSFET or reduce the 
duration of negative transients, as is the case when driving 
inductive loads. In the event of an overstress condition on 
the power device, the turn OFF characteristic is even more 
gradual as the output sinking current is only 10 jaA (see 
Protection Circuitry Section). 
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Application Hints (Continued) 


TURN ON AND TURN OFF CHARACTERISTICS 

The actual rate of change of the voltage applied to the gate 
of the power device is directly dependent on the input ca- 
pacitances of the MOSFET used. These times are important 
to know if the power to the load is to be applied repetitively 
as is the case with pulse width modulation drive. Of concern 
are the capacitances from gate to drain, Cqd. and from gate 
to source, Cqs- Figure 2 details the turn ON and turn OFF 
intervals in a typical application. An inductive load is as- 
sumed to illustrate the output transient voltage to be expect- 
ed. At time tl, the ON/OFF input goes high. The output, 
which drives the gate of the MOSFET, immediately pulls the 
gate voltage towards the Vcc supply of the LM9061. The 
source current from pin 4 is typically 30 mA which quickly 
charges Cqd and C GS- As soon as the gate reaches the 
Vqs(ON) threshold of the MOSFET, the switch turns ON and 
the source voltage starts rising towards Vcc- V GS remains 
equal to the threshold voltage until the source reaches Vcc- 
While Vqs Is constant only Cqd is charging. When the 
source voltage reaches Vcc. at time t2, the charge pump 
takes over the drive of the gate to ensure that the MOSFET 
remains ON. 

The charge pump is basically a small internal capacitor that 
acquires and transfers charge to the output pin. The clock 
rate is set internally at typically 300 kHz. In effect the charge 
pump acts as a switched capacitor resistor (approximately 
67k) connected to a voltage that is clamped at 13V above 
the Sense input pin of the LM9061 which is equal to the Vcc 
supply in typical applications. The gate voltage rises above 
Vcc > n an exponential fashion with a time constant depen- 
dent upon the sum of Cqd and Cqs- At this time however 
the load is fully energized. At time t3, the charge pump 
reaches its maximum potential and the switch remains ON. 
At time t4, the ON/OFF input goes low to turn OFF the 
MOSFET and remove power from the load. At this time the 
charge pump is disconnected and an internal 1 1 0 ju,A cur- 
rent sink begins to discharge the gate input capacitances to 
ground. The discharge rate (AV/AT) is equal to 1 10 ju,A/ 
(Cgd + C GS)- 


The load is still fully energized until time t5 when the gate 
voltage has reached a potential of the source voltage (Vcc) 
plus the Vqs(ON) threshold voltage of the MOSFET. Be- 
tween time t5 and t6, the Vqs voltage remains constant and 
the source voltage follows the gate voltage. With the volt- 
age on Cqd held constant the discharge rate now becomes 
110 juA/Cgd- 

At time t6 the source voltage reaches 0V. As the gate 
moves below the Vqs(ON) threshold the MOSFET tries to 
turn OFF. With an inductive load, if the current in the load 
has not collapsed to zero by time t6, the action of the 
MOSFET turning OFF will create a negative voltage tran- 
sient (flyback) across the load. The negative transient will 
be clamped to -Vqs(ON) because the MOSFET must turn 
itself back ON to continue conducting the load current until 
the energy in the inductance has been dissipated (at time 
t7). 

MOSFET PROTECTION CIRCUITRY 

A unique feature of the LM9061 is the ability to sense ex- 
cessive power dissipation in the MOSFET and latch it OFF 
to prevent permanent failure. Instead of sensing the actual 
current flowing through the MOSFET to the load, which typi- 
cally requires a small valued power resistor in series with 
the load, the LM9061 monitors the voltage drop from drain 
to source, Vps. across the MOSFET. This “lossless” tech- 
nique allows all of the energy available from the supply to be 
conducted to the load as required. The only power loss is 
that of the MOSFET itself and proper selection of a particu- 
lar power device for an application will minimize this con- 
cern. Another benefit of this technique is that all applica- 
tions use only standard inexpensive %W or less resistors. 
To utilize this lossless protection technique requires knowl- 
edge of key characteristics of the power MOSFET used. In 
any application the emphasis for protection can be placed 
on either the power MOSFET or on the amount of current 
delivered to the load, with the assumption that the selected 
MOSFET can safely handle the maximum load current. 
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Application Hints (Continued) 

To protect the MOSFET from exceeding its maximum junc- 
tion temperature rating, the power dissipation needs to be 
limited. The maximum power dissipation allowed (derated 
for temperature) and the maximum drain to source ON re- 
sistance, Rds(ON). W| ' th both at the maximum operating am- 
bient temperature, needs to be determined. When switched 
ON the power dissipation in the MOSFET will be: 

V ds 2 

Pdiss ~ □ 

Rds(on) 

The Vps voltage to limit the maximum power dissipation is 
therefore: 

VdS (MAX) = VPd (MAX) X RdS(ON) (MAX) 

With this restriction the actual load current and power dissi- 
pation obtained will be a direct function of the actual 
Rds(ON) of the MOSFET at any particular ambient tempera- 
ture but the junction temperature of the power device will 
never exceed its rated maximum. 

To limit the maximum load current requires an estimate of 
the minimum Rds(ON) of the MOSFET (the minimum 
Rds(ON) of discrete MOSFETs is rarely specified) over the 
required operating temperature range. 

The maximum current to the load will be: 

, _ V DS 

•LOAD (MAX) - a 

RdS(ON) (MIN) 

The maximum junction temperature of the MOSFET and/or 
the maximum current to the load can be limited by monitor- 
ing and setting a maximum operational value for the drain to 
source voltage drop, Vqs- In addition, in the event that the 
load is inadvertently shorted to ground, the power device 
will automatically be turned-OFF. 

In all cases, should the MOSFET be switched OFF by the 
built in protection comparator, the output sink current is 
switched to only 10 julA to gradually turn OFF the power 
device. 

Figure 3 illustrates how the threshold \/oltage for the internal 
protection comparator is established. 


Two resistors connect the drain and source of the MOSFET 
to the LM9061 . The Sense input, pin 1 , monitors the source 
voltage while the Threshold input, pin 2, is connected to the 
drain, which is also connected to the constant load power 
supply. Both of these inputs are the two inputs to the protec- 
tion comparator. Should the voltage at the sense input ever 
drop below the voltage at the threshold input, the protection 
comparator output goes high and initiates an automatic 
latch-OFF function to protect the power device. Therefore 
the switching threshold voltage of the comparator directly 
controls the maximum Vqs allowed across the MOSFET 
while conducting load current. 


The threshold voltage is set by the voltage drop across re- 
sistor Rthreshold- a reference current is fixed by a resis- 
tor to ground at Iref. pin 6. To precisely regulate the refer- 
ence current over temperature, a stable band gap reference 
voltage is provided to bias a constant current sink. The ref- 
erence current is set by: 


Iref = 


Vref 


Rref 

The reference current sink output is internally connected to 
the threshold pin. Iref then flows from the load supply 
through Rthreshold- The fixed voltage drop across 
Rthreshold is approximately equal to the maximum value 
of Vqs across the MOSFET before the protection compara- 
tor trips. 


It is important to note that the programmed reference cur- 
rent serves a multiple purpose as it is used internally for 
biasing and also has a direct effect on the internal charge 
pump switching frequency. The design of the LM9061 is 
optimized for a reference current of approximately 80 jliA, 
set with a 15.4 kfl ±1% resistor for Rref- To obtain the 
guaranteed performance characteristics it is recommended 
that a 1 5.4 kO resistor be used for Rref- 
The protection comparator is configured such that during 
normal operation, when the output of the comparator is low, 
the differential input stage of the comparator is switched in 


Load 



FIGURE 3. Protection Comparator Biasing 


TL/H/12317-1 1 
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Application Hints (Continued) 


a manner that there is virtually no current flowing into the 
non-inverting input of the comparator. Therefore, only Iref 
flows through resistor Rthreshold- All of the input bias 
current, 20 juA maximum, for the comparator input stage 
(twice the Isense specification of 10 jit A maximum, defined 
for equal potentials on each of the comparator inputs) how- 
ever flows into the inverting input through resistor Rsense- 
At the comparator threshold, the current through Rsense 
will be no more than the Isense specification of 1 0 juA. 

To tailor the Vqs (MAX) threshold for any particular applica- 
tion, the resistor Rthreshold can be selected per the fol- 
lowing formula: 

Vds (max) == — E ~ ^~ “"('sense x Rsense) + Vos 

where Rref ~ 1 5.4 kft, Isense is the input bias current to 
the protection comparator, Rsense is the resistor connect- 
ed to pin 1 and Vqs is the offset voltage of the protection 
comparator (typically in the range of ±10 mV). 

The resistor Rsense is optional, but is strongly recommend- 
ed to provide transient protection for the Sense pin, espe- 
cially when driving inductive type loads. A minimum value of 
1 kn will protect the pin from transients ranging from -25V 
to + 60V. This resistor should be equal to, or less than, the 
resistor used for Rthreshold- Never set Rsense t0 a value 
larger than Rthreshold- When the protection comparator 
output goes high, the total bias current for the input stage 
transfers from the Sense pin to the Threshold pin, thereby 
changing the voltages present at the inputs to the compara- 
tor. For consistent switching of the comparator right at the 
desired threshold point, the voltage drop that occurs at the 
non-inverting input (Threshold) should equal, or exceed, the 
rise in voltage at the inverting input (Sense). 

In automotive applications the load supply may be the bat- 
tery of the vehicle whereas the Vcc supply for the LM9061 
is a switched ignition supply. When the Vcc supply is 
switched OFF there is always a concern for the amount of 
current drained from the battery. The only current drain un- 
der this condition is a leakage current into the Threshold pin 
which is less than 1 0 ju,A. 

A bypass capacitor across Rref is optional and is used to 
help keep the reference voltage constant in applications 
where the Vcc supply is subject to high levels of transient 
noise. This bypass capacitor should be no larger than 
0.1 fxF, and is not needed for most applications. 


DELAY TIMER 

To allow the MOSFET to conduct currents beyond the pro- 
tection threshold for a brief period of time, a delay timer 
function is provided. This timer delays the actual latching 
OFF of the MOSFET for a programmable interval. This fea- 
ture is important to drive loads which require a surge of 
current in excess of the normal ON current upon start up, or 
at any point in time, such as lamps and motors. Figure 4 
details the delay timer circuitry. A capacitor connected from 
the Delay pin 8, to ground sets the delay time interval. With 
the MOSFET turned ON and all conditions normal, the out- 
put of the protection comparator is low and this keeps the 
discharge transistor ON. This transistor keeps the delay ca- 
pacitor discharged. Should a surge of load current trip the 
protection comparator high, the discharge transistor turns 
OFF and an internal 10 juA current source begins linearly 
charging the delay capacitor. 

If the surge current, with excessive Vps voltage, lasts long 
enough for the capacitor to charge to the timing comparator 
threshold of typically 5.5V, the output of the comparator will 
go high to set a flip-flop and immediately latch the MOSFET 
OFF. It will not re-start until the ON/OFF Input is toggled 
low then high. 

The delay time interval is set by the selection of Cdelay and 
can be found from: 


Tdelay = 


(Vtimer x Cdelay) 
•delay 


where typically Vtimer = 5.5V and Idelay — 1 0fxA. 
Charging of the delay capacitor is clamped at approximately 
7.5 V which is the internal bias voltage for the 10 juA current 
source. 


MINIMUM DELAY TIME 

A minimum delay time interval is required in all applications 
due to the nature of the protection circuitry. At the instant 
the MOSFET is commanded ON, the voltage across the 
MOSFET, Vqs. is equal to the full load supply voltage be- 
cause the source is held at ground by the load. This condi- 
tion will immediately trip the protection comparator. Without 
a minimum delay time set, the timing comparator will trip 
and force the MOSFET to latch OFF thereby never allowing 
the load to be energized. 



3-70 




Application Hints (Continued) 

To prevent this situation a delay capacitor is required at pin 
8. The selection of a minimum capacitor value to ensure 
proper start-up depends primarily on the load characteristics 
and how much time is required for the MOSFET to raise the 
load voltage to the point where the Sense input is more 
positive than the Threshold input (Tstart-up)- Some experi- 
mentation is required if a specific minimum delay time char- 
acteristic is desired. Therefore: 

^ _ Odelay X Tstart-up) 

Cdelay = r : 

V TIMER 

In the absence of a specific delay time requirement, a value 
for Cqelay of 0.1 julF is recommended. 

OVER VOLTAGE PROTECTION 

The LM9061 will remain operational with up to +26V on 
Vco V CC increases to more than typically + 30V the 
LM9061 will turn off the MOSFET to protect the load from 
excessive voltage. When Vcc has returned to the normal 
operating range the device will return to normal operation 
without requiring toggling the ON/OFF input. This feature 
will allow MOSFET operation to continue in applications that 
are subject to periodic voltage transients, such as automo- 
tive applications. 

For circuits where the load is sensitive to high voltages, the 
circuit shown in Figure 5 can be used. The addition of a 
zener on the Sense input (pin 1) will provide a maximum 
voltage reference for the Protection Comparator. The Sense 
resistor is required in this application to limit the zener cur- 
rent. When the device is ON, and the load supply attempts 
to rise higher than (Vzener + ^threshold)- the Protection 
comparator will trip, and the Delay Timer will start. If the high 
supply voltage condition lasts long enough for the Delay 
Timer to time out, the MOSFET will be latched off. The ON/ 
OFF input will need to be toggled to restart the MOSFET. 



REVERSE BATTERY 

The LM9061 is not protected against reverse polarity supply 
connections. If the Vqc supply should be taken negative 
with respect to ground, the current from the Vcc pin should 
be limited to 20 mA. The addition of a diode in series with 
the Vcc input is recommended. This diode drop does not 
subtract significantly from the charge pump gate overdrive 
output voltage. 

LOW BATTERY 

As an additional protection feature the LM9061 incorporates 
an Undervoltage Shut-OFF function. If the Vcc supply to the 
package drops below 7V, where it may not be assured that 
the MOSFET is actually ON when it should be, circuitry will 
automatically turn OFF the power MOSFET. 

Figure 6 shows the LM9061 used as an electronic circuit 
breaker. This circuit provides low voltage shutdown, over- 
voltage latch OFF, and overcurrent latch OFF. In the event 
of a latch OFF shutdown, the circuit can be reset by shutting 
the main supply off, then back on. An optional reset switch 
on the ON/OFF pin will allow a “push-button reset” of the 
circuit after latching OFF. 



TL/H/12317-14 

FIGURE 6. Electronic Circuit Breaker 

Scaling of the external resistor value, from Vcc to the ON/ 
OFF input pin, with the internal 30k resistor can be used to 
increase the startup voltage. The circuit operation then be- 
comes dependent on the resistor ratio and Vcc providing an 
ON/OFF pin voltage being above the ON threshold rather 
than the LM9061 low Vcc shutdown feature. 

DRIVING MOSFET ARRAYS 

The LM9061 is an ideal driver for any application that re- 
quires multiple parallel MOSFETs to provide the necessary 
load current. Only a few “common sense” precautions need 
to be observed. All MOSFETs in the array must have identi- 
cal electrical and thermal characteristics. This can be 
solved by using the same part number from the same 
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Application Hints (Continued) 

manufacturer for all of the MOSFETs in the array. Also, all 
MOSFETs should have the same style heat sink or, ideally, 
all mounted on the same heat sink. The electrical connec- 
tion of the MOSFETs should get special attention. With typi- 
cal Rds(ON) values in the range of tens of milli-Ohms, a 
poor electrical connection for one of the MOSFETs can ren- 
der it useless in the circuit. 

Figure 7 shows a circuit with four parallel NDP706A 
MOSFETs. This particular MOSFET has a typical Rds(ON) 
of 0.013ft with a Tj of 25°C, and 0.020ft with a Tj of 
+ 125°C. 


With the Vqs threshold voltage being set to 500 mV, this 
circuit will provide a typical maximum load current of 150A 
at 25°C, and a typical maximum load current of 100A at 
125°C. The maximum dissipation, per MOSFET, will be 
nearly 20W at 25°C, and 12.5W at 125°C. With up to 20W 
being dissipated by each of the four devices, an effective 
heat sink will be required to keep the Tj as low as possible 
when operating near the maximum load currents. 



TL/H/12317-15 


FIGURE 7. Driving Multiple MOSFETs 
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Load Supply 


Switched Supply 

►I 1 


4 31 2 1 


FIGURE 8. Increasing MOSFET Turn On Time 


INCREASING MOSFET TURN ON TIME 

The ability of the LM9061 to quickly turn on the MOSFET is 
an important factor in the management of the MOSFET 
power dissipation. Caution should be exercised when at- 
tempting to increase the MOSFET Turn On time by limiting 
the Gate drive current. The MOSFET average dissipation, 
and the LM9061 Delay time, must be recalculated with the 
extended switching transition time. 

Figure 8 shows a method of increasing the MOSFET Turn 
On time, without affecting the Turn Off time. In this method 
the Gate is charged at an exponential rate set by the added 
external Gate resistor and the MOSFET Gate capacitances. 
Although the LM9061 will drive MOSFETs from any manu- 
facturer, National Semiconductor offers a wide range of 
power MOSFETs. Figure 9 shows a small sample of the 
devices available. 


Part 

•d 

V DSS 

Rds(on) 

Package 

NDP706A 

75 A 

60V 

o.oisa 

TO-220 

NDP706B 

70 A 

60V 

o.oisa 

TO-220 

NDP708A 

60A 

80V 

0.022a 

TO-220 

NDB708A 

60A 

80V 

0.022a 

TO-263 

NDP606A 

48A 

60V 

0.025a 

TO-220 

NDP606B 

42A 

60 V 

0.028a 

TO-220 

NDP608A 

36A 

80V 

0.042a 

TO-220 

NDB608A 

36A 

80V 

0.042a 

TO-263 

NDP508A 

19A 

80V 

o.osoa 

TO-220 

NDB508A 

19A 

80V 

o.osoa 

TO-263 

NDP408A 

1 1 A 

80V 

0.1 60a 

TO-220 

NDS9410 

7A 

30V 

0.03a 

SO-8 

NDS9936* 

5A 

30V 

0.05a 

SO-8 

NDS9945* 

3.5A 

60V 

0.10a 

SO-8 


* Dual 

FIGURE 9. 


Recommended DMOS Power MOSFETs 
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National Semicondu 


c tor 


LMD18400 

Quad High Side Driver 

General Description 

The LMD18400 is a fully protected quad high side driver. It 
contains four common-drain DMOS N-channel power 
switches, each capable of switching a continuous 1 Amp 
load (>3 Amps transient) to a common positive power sup- 
ply. The switches are fully protected from excessive voltage, 
current and temperature. An instantaneous power sensing 
circuit calculates the product of the voltage across and the 
current through each DMOS switch and limits the power to a 
safe level. The device can be disabled to produce a “sleep” 
condition reducing the supply current to less than 10 p,A. 
Separate ON /OFF control of each switch is provided 
through standard LSTLL/CMOS logic compatible inputs. 

A MICROWIREtm compatible serial data interface is built in 
to provide extensive diagnostic information. This information 
includes switch status readback, output load fault conditions 
and thermal and overvoltage shutdown status. There are 
also two direct-output error flags to provide an immediate 
indication of a general system fault and an indication of ex- 
cessive operating temperature. 

The LMD, 18400 is packaged in a special power dissipating 
leadframe that reduces the junction to case thermal resist- 
ance to approximately 20°C/W. 


Features 

■ Four independent outputs with >3A peak, 1A continu- 
ous current capability 

■ 1 .3fi maximum ON resistance over temperature 

■ True instantaneous power limit for each switch 

■ High survival voltage (60 Vpc, 80V transient) 

■ Shorted load (to ground and supply) protection 

■ Overvoltage shutdown at Vcc > 35V 

■ LS TTL/CMOS compatible logic inputs and outputs 

■ <10 julA supply current in “sleep” mode 

■ — 5V output clamp for discharging inductive loads 

■ Serial data interface for 1 1 diagnostic checks: 

— Switch ON/OFF status 

— Open or shorted load 

— Operating temperature 

— Excessive supply voltage 

■ Two direct-output error flags 

Applications 

■ Relay and solenoid drivers 

■ High impedance automotive fuel injector drivers 

■ Lamp drivers 

■ Power supply switching 

■ Motor drivers 


Typical Application 


Connection Diagram 




Order Number LMD18400N 
See NS Package Number N20A 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Survival Voltage (Pin 20) 

Transient (t = 10 ms) 80V 

Continuous -0.5Vto+60V 

Output T ransient Current (Each Switch) 3.75A 

Output T ransient Current (T otal, All Switches) 6A 

Output Steady State Current (Each Switch) 1 A 

Logic Input Voltage (Pins 3, 9, 1 0, 1 1 , 1 2) - 0.3V to + 1 6V 

Logic Input Voltage (Pins 4, 7) - 0.3V to + 6V 


Error Flag Voltage 
ESD Susceptibility (Note 2) 

Power Dissipation (Note 3) 

Junction Temperature (Tj Max ) 

Storage Temperature Range 

Lead Temperature (Soldering, 10 Sec.) 

Operating Ratings (Notei) 

Ambient Temperature Range 0a) 
Supply Voltage Range 


16V 

2000V 

5W 

Internally Limited 
150°C 

- 65°C to + 1 50°C 
+ 260°C 


— 40°C to + 125°C 
6V to 28V 


Electrical Characteristics Vcc = 12V, Ccp = 0.01 jLiFd, unless otherwise indicated. Boldface limits apply 
over the entire operating temperature range, ~40°C ^ Ta ^ +125°C, all other limits are for Ta = Tj = +25°C. 


DC CHARACTERISTICS 

Supply Current 


Output Leakage 

RdsON 

Short Circuit Current 

Maximum Output Current 
Load Error Threshold Voltage 
Open Load Detection Current 
Negative Clamp Output Voltage 
Overvoltage Shutdown Threshold 
Overvoltage Shutdown Hysteresis 
Error Output Leakage Current 
Thermal Warning Temperature 
Thermal Shutdown Temperature 


Conditions 


Enable Input = 0V 
Enable Input = 5V, Inputs = 0V 
Enable Input = 5V, Inputs = 5V 
Open Loads 


Enable Input = 0V, Inputs = 0V 
(Pins 1,2, 18, 19) 

Iqut = 1A, (Note 6) 

V C c = 12V, (Note 6) 

V C c = 6V, (Note 6) 

V C c = 28V, (Note 6) 

Vcc - Vp = 4V, (Note 6) 

Pins 1,2, 18, 19 

Pins 1,2, 18, 19 

l 0 = 1A, (Note 6) 


Vpin13 = 12V 
Vpin 13 < 0-8V 
Vpin 17 < 0.8V 


Typical 
(Note 4) 


(Note 5) 


fxA (Max) 
mA (Max) 

mA (Max) 

fiA (Max) 


/xA (Max) 
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Electrical Characteristics Vcc = 12 V, Cop = O.OI /aF, unless otherwise indicated. Boldface limits apply 

over the entire operating temperature range, -40°C ^ Ta ^ + 125°C, 

all other limits are for Ta = Tj = +25°C. (Continued) j 

Parameter 

Conditions 

Typical 
(Note 4) 

Limit 
(Note 5) 

Units 

(Limit) 

AC CHARACTERISTICS 

Switch Turn-On Delay 
(td(ON)) 

Enable (Pin 3) =. 5V, 

Iqut = 1A 

5 

10 

/as (Max) 

Switch Turn-On Rise 

Time (t 0N ) 

•out = 1A 

7 

15 

/as (Max) 

Switch Turn-Off Delay 

Enable (Pin 3) = 5V, 

0.5 

2 

/as (Max) 

(*dOFF) 

< 

II 

5 

o 



Switch Turn-Off Fall 

Time (toFF) 

•out = 1A 

0.15 

1 

/as (Max) 

Enable Time (t^N) 

Measured with Switch 1 , 

Pin 9 = 5V 

30 

50 

/as (Max) 

Error Reporting Delay 
(tError) 

Enable (Pin 3) = 5V, 

Switch 1 Load Opened 

75 

150 

/as (Max) 

Data Setup Time (tps) 

C L = 30 pF 

200 

500 

ns (Min) 

TRI-STATE® Control (t-m, toH) 

Pin 8, Hi-Z Enable Time 

2 


/AS 

Data Clock Frequency 


3 

1 

MHz (Max) 

DIGITAL CHARACTERISTICS 

Logic “1” Input Voltage 

Pins 3, 4, 7, 9,10,11,12 


2.0 

V (Min) 

Logic “0” Input Voltage 

Pins 3, 4, 7,9, 10, 11,12 


0.8 

V (Max) 

Logic “1 ” Input Current 

Pins 4, 7 

0.001 

1 

/aA (Max) 

Logic “0” Input Current 

Pins 4, 7 

-0.001 

-1 

/aA (Max) 

TRI-STATE Output Current 

Pin 8, Pin 4 = 5V 

0.05 

10 

/aA (Max) 


Pin 8 = 0V 

-0.05 

-10 

/aA (Max) 

Enable Input Current 

Pin 3 = 2.4V 

12 

25 

/aA (Max) 

Channel Input Resistance 

Pins 9, 10, 11,12 

75 

25 

kft (Min) 

Error Output Sink Current 

Pin 13 = 0.8V 

4 

1.6 

mA (Min) 

Logic “1 ” Output Voltage 

Pin 8 

IOUT = —360 julA 

4.4 

2.4 

V (Min) 


Iout = -io /aA 

5.1 

4.5 

V (Min) 


•out = -10 jaA 


5.5 

V (Max) 

Logic “0” Output Voltage 

Pin 8 

Iqut = 1 00 jaA 


0.4 

V (Max) 

Thermal Shutdown Output 

Source Current 

Pin 17 = 2.4V 

5 

3 

/aA (Min) 

Thermal Shutdown Output 

Sink Current 

Pin 17 = 0.8V 

360 

250 

ju,A (Min) 
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Electrical Characteristics Notes 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
Note 2: Human body model; 1 00 pF discharge through a 1 .5 kft resistor. All pins except pins 8 and 1 3 which are protected to 1 000V and pins 1 , 2, 1 8 and 1 9 which 
are protected to 500V. 

Note 3: The maximum power dissipation is a function of Tj Max , 0 ja, and Ta and is limited by thermal shutdown. The maximum allowable power dissipation at any 
ambient temperature is Pd = (Tj Max - Ta)/0ja- If this dissipation is exceeded, the die temperature will rise above 150°C and the device will eventually go into 
thermal shutdown. For the LMD18400 the junction-to-ambient thermal resistance, 0 ja, is 60°C/W. With sufficient heatsinking the maximum continuous power 
dissipation for the package will be, lDC Max 2 x R ON( Max) x 4 switches (1A 2 x 1.3ft x 4 = 5.2W). 

Note 4: Typical values are at Tj = +25°C and represent the most likely parametric norm. 

Note 5: All limits are 100% production tested at +25°C. Limits at temperature extremes are guaranteed through correlation and accepted Statistical Quality 
Control (SQC) methods. 

Note 6: Pulse Testing techniques used. Pulse width is < 5 ms with a duty cycle < 1 %. 


Timing Specification Definitions 

Switching Turn ON/OFF Enable Turn-ON 

Enable = 5V Channel 1 Input = 5V 




Error Reporting Delay 


Data Setup Time 


Channel 1 output open circuited. 
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Typical Performance Characteristics 

For all curves, Vcc = 12V, Temperature is the junction temperature unless otherwise noted. 


Switch ON Resistance 
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TEMPERATURE (°C) 
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“Sleep” Mode Supply Current 
vs Temperature 


Enable = 0V 
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Maximum Power 
Dissipation vs 
Ambient Temperature 



-40 0 40 80 120 160 

AMBIENT TEMPERATURE (°C) 


Short Circuit Current 



-40 0 40 80 120 160 

TEMPERATURE (°C) 


Clamp Characteristics 



3 4 5 6 7 8 


Error Sense Threshold 
Voltage vs Temperature 



-40 0 40 80 120 160 


NEGATIVE CLAMP VOLTAGE 


TEMPERATURE (°C) 


Turn ON Rise Time 



-40 0 40 80 120 160 

TEMPERATURE (°C) 


Switch Select Logic Input 
Resistance vs Temperature 
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TEMPERATURE (°C) 


Turn ON Delay Time 
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TEMPERATURE (°C) 


Enable Threshold Voltage 
vs Temperature 
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TEMPERATURE (°C) 


Turn OFF Time 



-40 0 40 80 120 160 

TEMPERATURE (°C) 


Error Output Voltage 
vs Sink Current 



0 2 4 6 8 10 

SINK CURRENT (mA) 

TL/H/1 1026-7 


3-78 




Functional Block Diagram 



OUTPUT 4 


OUTPUT 3 


THERMAL 

SHUTDOWN 


GROUND 


GROUND 


^charge pump 


ERROR 


INPUT 4 


INPUT 3 


TL/H/1 1026-8 


Truth Table 


Enable 
Input 
(Pin 3) 

Chip Select 
Input 
(Pin 4) 

Switch Control 
Input 

(Pins 8, 9,10,11) 

Error 
Output 
(Pin 13) 

Thermal SD 
Output 
(Pin 17) 

Conditions 

0 

X 

X 

0 

0 

Sleep Mode, Isupply ^10 jliA 

1 

X 

0 

1 

1 

Selected Switch is OFF 

1 

X 

1 

1 

1 

Selected Switch is ON, Normal Operation 

1 

X 

0 

0 

1 

Switch is OFF but: 

a. Load is Open Circuited, or 

b. Load is Shorted to Vcc. or 

c. Tj > + 1 45°C, or 

d. V C c> +35V 

1 

X 

1 

0 

1 

Switch is ON, but; 

a. Load is Shorted to Ground, or 

b. Switch is in Power Limit, or 

c. Tj > + 1 45°C, or 

d. Vqq > + 35V and Switch is Actually OFF 

1 

X 

1 

0 

0 

Tj > + 1 70°C, All Switches are OFF 

1 

1 

X 

X 

X 

Data Output Pin is TRI-STATE 

1 

0 

X 

X 

X 

Data Output Pin is Enabled and Ready to 

Output Diagnostic Information 
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Applications Information 

BASIC OPERATION 

High-side drivers are used extensively in automotive and 
industrial applications to switch power to ground referred 
loads. The major advantage of using high-side drive, as op- 
posed to low-side drive, is to protect the load from being 
energized in the event that the load drive wire is inadver- 
tently shorted to ground as shown in Figure 1. A high-side 
driver can sense a shorted condition and open the power 
switch to disable the load and eliminate the excessive cur- 
rent drain on the power supply. The LMD18400 can control 
and protect up to four separate ground referenced loads. 


High Side Drive 



TL/H/1 1026-9 


Low Side Drive 



TL/H/1 1026- 10 

FIGURE 1. High-Side vs Low-Side Drive 

The LMD18400 combines low voltage CMOS logic control 
circuitry with a high voltage DMOS process. Each DMOS 
power switch has an individual ON/OFF control input. When 
commanded ON, the output of the switch will connect the 
load to the Vcc supply through a maximum resistance of 
1 .3H (the ON resistance of the DMOS switch). The voltage 
applied to the load will depend upon the load current and 
the designed current capability of the LMD18400. When a 
switch is commanded OFF, the ioad will be disconnected 
from the supply except for a small leakage current of typi- 
cally less than 0.01 juA 


The LMD18400 can be continually connected to a live pow- 
er source, a car battery for example, while drawing less than 
10 jaA from the power source when put into a “sleep” con- 
dition. This “sleep” mode is enacted by taking the Enable 
Input (pin 3) low. During this mode the supply current for the 
device is typically only 0.04 juA. Special low current con- 
sumption standby circuitry is used to hold the DMOS 
switches OFF to eliminate the possibility of supply voltage 
transients from turning on any of the loads (a common prob- 
lem with MOS power devices). When in the “sleep” mode, 
all diagnostic and logic circuitry is inactive. When the Enable 
Input is taken to a logic 1 , the switches become “armed” 
and ready to respond to their control input after a short, 
30 jlls, enable delay time. This delay interval prevents the 
switches from transient turn-on. Figure 2 shows the switch 
control logic. 

c CP 



TL/H/1 1026-11 

FIGURE 2. Control Logic for Each Power Switch 


Each DMOS switch is turned ON when its gate is driven 
approximately 3.5 V more positive than its source voltage. 
Because the source of the switch is the output terminal to 
the load it can be taken to a voltage very near the Vcc 
supply potential. To ensure that there is sufficient voltage 
available to drive the gates of the DMOS device a charge 
pump circuit is built in. This circuit is controlled by an internal 
300 kHz oscillator and using an external 10 nF capacitor 
connected from pin 14 to ground generates a voltage that is 
approximately 20 V greater than the Vcc supply voltage. 
This provides sufficient gate voltage drive for each of the 
switches which is applied under command of standard 5V 
logic input levels. 

The turn-on time for each switch is approximately 12 jus 
when driving a 1 A load current. This relatively slow switch- 
ing time is beneficial in minimizing electromagnetic interfer- 
ence (EMI) related problems created from switching high 
current levels. 
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Applications Information (Continued) 

PROTECTION CIRCUITRY 

The LMD18400 has extensive protection circuitry built in. 
With any power device, protection against excessive volt- 
age, current and temperature conditions is essential. To 
achieve a “fail-safe” system implementation, the loads are 
deactivated automatically by the LMD18400 in the event of 
any detected overvoltage or over-temperature fault condi- 
tions. 

Voltage Protection 

The Vcc supply can range from -0.5V to +60 Vdc without 
any damage to the LMD18400. The CMOS logic circuitry is 
biased from an internal 5.1V regulator which protects these 
lower voltage transistors from the higher Vcc potentials. In 
order to protect the loads connected to the switch outputs 
however, an overvoltage shutdown circuit is employed. 
Should the Vcc potential exceed 35V all of the switches are 
turned OFF thereby disconnecting the loads. This 35V 
threshold has 750 mV of hysteresis to prevent potential os- 
cillations. 

Additionally, there is an undervoltage lockout feature built 
in. With Vcc less than 5V it becomes uncertain whether the 
logic circuitry can hold the switches in their commanded 
state. To avoid this uncertainty, all of the switches are 
turned OFF when Vcc drops below approximately 5V. 
Figure 3 illustrates the shutoff of an output during a 0V to 
80V Vcc supply transient. 

Over/Under 



Vert: 20V/DIV Horiz: 10 ms/DIV 

TL/H/1 1026-1 2 

FIGURE 3. Overvoltage/Undervoltage Shutdown 


The LMD18400 has been designed to drive all types of 
loads. When driving a ground referenced inductive load 
such as a relay or solenoid, the voltage across the load will 
reverse in polarity as the field in the inductor collapses when 
the power switch is turned OFF. This will pull the output pin 
of the LMD 18400 below ground. This negative transient 
voltage is clamped at approximately -5 V to protect the 1C. 
This clamping action is not done with diodes but rather the 
power DMOS switch turning back on momentarily to con- 
duct the inductor current as it de-energizes as shown in 
Figure 4. 



TL/H/1 1026-13 

FIGURE 4. Turn-OFF Conditions with an Inductive Load 

When the output inductance produces a negative voltage, 
the gate of the DMOS transistor is clamped at 0 V. At 
-3.5V, the source of the power device is less than the gate 
by enough to cause the switch to turn ON again. During this 
negative transient condition the power limiting circuitry to 
protect the switch is disabled due to the gate being held at 
0V. The maximum current during this clamping interval, 
which is equal to the steady state ON current through the 
inductor, should be kept less than 1 A. Another concern dur- 
ing this interval has to do with the size of an inductive load 
and the amount of time required to de-energize it. With larg- 
er inductors it may be possible for the additional power dis- 
sipation to cause the die temperaure to exceed the thermal 
shutdown limit. If this occurs all of the other switches will 
turn OFF momentarily (see section on Thermal Manage- 
ment). 

Power Limiting 

The LMD18400 utilizes a true instantaneous power limit cir- 
cuit rather than simple current limiting to protect each 
switch. This provides a higher transient current capability 
while still maintaining a safe power dissipation level. The 
power dissipation in each switch (the product of the Drain-to 
Source voltage and the output current, Vd S X Iqut) is con- 
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tinually monitored and limited to 15W by varying the gate 
voltage and therefore the ON resistance of the switch. Basi- 
cally the ON resistance will be as low as possible until 1 5W 
is being dissipated. To maintain 15W, the ON resistance 
increases to reduce the load current. This results in a de- 
crease of the output voltage. For resistive loads, the output 
voltage when in power limit will be: 


Vqut (in Power Limit) 


Vcc - Wcc 2 - 60 Rl 
2 


This provides a maximum transient current and drain-to- 
source voltage characteristic as shown in Figure 5. 



5 10 15 20 25 30 

SWITCH DRAIN - SOURCE VOLTAGE (V) 
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FIGURE 5. Maximum Output Current with 
Instantaneous Power Limiting 



Vert: 5V/DIV Horiz: lOOms/DIV 
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FIGURE 6. Soft Turn-On of a Lamp Load 

The steady state current to the load is limited by the pack- 
age power dissipation, ambient temperature and the ON re- 
sistance of the switch which has a positive temperature co- 
efficient as shown in the Typical Performance Characteris- 
tics. 


This dynamic current limiting of the switches is beneficial 
when driving lamp and large capacitive loads. Lamps re- 
quire a large inrush current, on the order of 10 times the 
normal operating current, when first switched on with a cold 
filament. The LMD18400 will limit this initial current to the 
level where 1 5W is dissipated in the switch. As the filament 
warms up the voltage across the lamp increases thereby 
decreasing the voltage across the switch which permits 
more current to fully light the lamp. With limited inrush cu- 
rent the lifetime of a lamp load is increased significantly. 
Figure 6 illustrates the soft turn-on of a lamp load. 

The same principle of increasing output current as the volt- 
age across the load increases allows large capacitive loads 
to be charged more quickly by an LMD1 8400 driver than as 
opposed to a driver with a fixed 1 A current limit protection 
scheme. Figure 7 shows the output response while driving a 
large capacitive load. 

Thermal Protection 

The die temperature of the LMD18400 is continually moni- 
tored. Should any conditions cause the die temperature to 
rise to + 1 70°C, all of the power switches are turned OFF 
automatically to reduce the power dissipation. It is important 
to realize that the thermal shutdown affects all four of the 
switches together. That is, if just one switph load is enough 
to heat the die to the thermal shutdown threshold, all of the 
other switches, regardless of their ppwer dissipation condi- 
tions, will be switched OFF. All of the switches will be re-en- 
abled when the die temperature has cooled to approximate- 
ly + 1 60°C. Until the high temperature forcing conditions 
have been removed the switches Will cycle ON and OFF 
thus maintaining an average die temperature of +165°C. 
The LMD1 8400 will signal that excessive temperatures exist 
through several diagnostic output signals (see Diagnostics). 


Driving a Large 
Capacitive Load 
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TL/H/1 1026-16 

FIGURE 7. Driving a Large Capacitive Load 
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DIAGNOSTICS 

The LMD18400 has extensive circuit diagnostic information 
reporting capability. Use of this information can produce 
systems with intelligent feedback of switch status as well as 
load fault conditions for troubelshooting purposes. All of the 
diagnostic information is contained in an 11 -bit word. This 
data can be clocked out of the LMD18400 in a serial fashion 
as shown in Figure 8. The shift register is parallel loaded 
with the diagnostic data whenever the Chip Select Input is 
at a Logic 1 and changes to the serial shift mode when Chip 
Select is taken to a Logic 0. The Data Output line (pin 8) is 
biased internally from a 5.1 V regulator which sets the Logic 
1 output voltage. This pin has low current sourcing capability 
so any load on this pin will reduce the Logic 1 output level 
which is guaranteed to be at least 2.4V with a 360 jllA load. 
The data interface is MICROWIRE compatible in that data is 
clocked out of the LMD18400 on the falling edge of the 
clock, to be clocked into the controlling microprocessor on 
the rising edge. Any number of devices can share a com- 
mon data output line because the data output pin is held in a 
high impedance (TRI-STATE) condition until the device is 
selected by taking its Chip Select Input low. Following Chip 
Select going low there is a short data setup time interval 
(500 ns Min) required. This is necessary to allow the first 
data bit of information to be established on the data output 
line prior to the first rising clock edge which will input the 
data bit into the controller. When all 1 1 bits of diagnostic 
data have been shifted out the data output goes to a Logic 1 
level until the Chip Select line is returned high. 

Figure 8 also indicates the significance of the diagnostic 
data bits. The first 4 bits indicate an output load error condi- 


tion, one for each channel in succession (see Load Error 
Detection). 

Bits 5 through 8 provide a readback of the commanded 
ON/OFF status of each switch. 

A unique feature of the LMD18400 is that it provides an 
early warning of excessive operating temperature. Should 
the die temperature exceed + 1 45°C, bit 9 will be set to a 
Logic 0. Acting on this information a system can be pro- 
grammed to take corrective action, shutting OFF specific 
loads perhaps, while the LMD18400 is still operating nor- 
mally (not yet in thermal shutdown). If this early warning is 
ignored and the device continues to rise in temperature, the 
thermal shutdown circuitry will come into action at a die tem- 
perature of + 1 70°C. Should this occur bit 1 0 of the diag- 
nostic data stream will be set to a Logic 0 indicating that the 
device is in thermal shutdown and all of the outputs have 
been shut OFF. 

The final data bit, bit 11, indicates an overvoltage condition 
on the Vqc supply (Vcc is greater than 35V) and again indi- 
cates that all of the drivers are OFF. 

The diagnostic data can be read periodically by a controller 
or only in the event of a general system error indication to 
determine the cause of any system problem. This general 
indication of a fault is provided by an Error Flag output (pin 
13). This pin goes low whenever any type of error is detect- 
ed. There is a built-in delay of approximately 75 juls from the 
time an error is detected until pin 13 is taken low. This is to 
help mask short duration error conditions such as may be 
caused by driving highly capacitive loads (>2 ju,F). A lamp 
load may generate a shorted load error for several hundred 
milliseconds as it turns on which should be ignored. 
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FIGURE 8. Serial Diagnostic Data Assignments 
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The Error Flag output pin is an open drain transistor which 
requires a pull-up resistor to a positive voltage of up to 1 6V. 
Typically this pull-up is to the same 5V supply which is bias- 
ing the Enable input and any other external logic circuitry. 
The Error Flag pins of several LMD18400 packages can be 
connected together with just one pull-up resistor to provide 
an all-encompassing general system error indication. Upon 
detection of an error, each device could then be polled for 
diagnostic information to determine the source of the fault 
condition. 

A second direct output error flag is for an indication of Ther- 
mal Shutdown (pin 17). This active low flag provides an im- 
mediate indication that the die temperature has reached 
+ 1 70°C and that the drive to all four switches has been 
removed. This output is pulled up to the internal 5.1V logic 
regulator through a small (5 jutA) current source so use of a 
buffer on this pin is recommended. 



FIGURE 9. Thermal Shutdown Flag and Shutdown Input 

A useful feature of pin 1 7 is that it can also be used as a 
shutdown input. Driving this pin low immediately switches all 
of the drivers OFF, just the same as if thermal shutdown 
temperatures has been reached, yet all of the control logic 
and diagnostic circuits remain active. This is useful in de- 
signing “fail-safe” systems where the loads can be disabled 
under any sort of externally detected system fault condition. 
The diagnostic logic however does not distinguish between 
normal thermal shutdown or the fact that pin 1 7 has been 
driven low. As such, various switch errors and an over-tem- 
perature indication will be reported in the diagnostic data 
stream. 

Figure 9 illustrates the use of pin 1 7 as both an output ther- 
mal shutdown flag and as an input to shut down only the 
switches. Directly tying pin 1 7 to + 5V will prevent the inter- 
nal thermal shutdown circuitry from disabling the switches. 
For reliability purposes however this is not recommended as 
there will then be no limit to the maximum die temperature. 
Refer to the Truth Table for a summary of the action of 
these direct-output error flags. 


LOAD ERROR DETECTION 

An important feature of the LMD18400 is the ability to de- 
tect open or shorted load connections. Figure 10 illustrates 
the detection circuit used with each of the drivers. 



TL/H/1 1026-19 

FIGURE 10. Detection Circuitry 
for Open/Shorted Loads 

A voltage comparator monitors the voltage to the load and 
compares it to a fixed 4.1V reference level. When a switch is 
OFF, the ground referenced load should have no voltage 
across it. Under this condition, an internal 50 kft resistor 
connected to Vcc will provide a small amount of current to 
the load. If the load resistance is large enough to create a 
voltage greater than 4.1V an Open Load Error will be indi- 
cated for that switch. The maximum load resistance that will 
not generate an Open Load Error when a switch is OFF can 
be found by: 

4.1V 

R Max = w rrr: x 50 kft; for no Open Load Indication 

Vcc ~ 4.6V 

To make this Open Load Error threshold more sensitive, an 
external pull-up resistor can be added from the output to the 
Vcc supply. 

Also when a switch is commanded OFF, should the load be 
shorted to the Vcc supply, this same circuitry will again indi- 
cate an error. 

When a switch is commanded ON, the load is expected to 
have a voltage across it that approaches the Vcc potential. 
If the output voltage is less than the 4.1V threshold an error 
will again be reported, indicating that the load is either short- 
ed to ground or that the driver is in power limit and not able 
to pull the output voltage any closer to Vcc- The minimum 
load resistance that will not generate a Shorted Load Error 
when a switch is ON can be found by: 

4.1V (V C c “ 4.1V) 

RMin * 7 — ; for no Shorted Load Error 

15W 
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Figure 1 1 indicates the range of load resistance for normal 
operation, open load, and shorted load or power limit indica- 
tion. 



Vcc(v) 

TL/H/1 1026-20 

FIGURE 11. Load Resistance Detected as Errors 
THERMAL MANAGEMENT 

It is particularly important to consider the total amount of 
power being dissipated by all four switches in the 
LMD18400 at all times. Any combination of the switches 
driving loads will cause an increase in the die temperature. 
Should the die temperature reach the thermal shutdown 
threshold of +170°C, all of the switches will be disabled. 


Careful calculation of the worst case total power dissipation 
required at any point in time, together with providing suffi- 
cient heatsinking will prevent this from occurring. 

The LMD18400 is packaged with a special leadframe that 
helps dissipate heat through the two ground pins on each 
side of the package. The thermal resistance from junction- 
to-case (0jc) for this package is approximately 20°C/W. 
The thermal resistance from junction-to-ambient (0ja), with- 
out any heatsinking, is approximately 60°C/W. Figure 12 il- 
lustrates how the copper foil of a printed circuit board can 
be designed to provide heatsinking and reduce the overall 
junction-to-ambient thermal resistance. 


The power dissipation in each switch is equal to: 

(Vcc ~ Vqut) 2 
Ron 

where Rqn is the ON resistance of the switch (1 .3fl maxi- 
mum). These equations hold true until the power dissipation 
reaches the maximum limit of 1 5W. With resistive loads, the 
1 5W power limit threshold will be reached when: 

Vcc 2 
60W 


P D (Each Switch) = ! Load 2 x Ron or 


Rl ^ ■ 


Inductive loads will create additional power dissipation when 
switched OFF. Figure 13 shows the idealized voltage and 
current waveforms for an inductive load. 
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FIGURE 12. Recommended PC Board Layout to Reduce the Thermal Resistance from Junction-to-Ambient 
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FIGURE 13. Switching an Inductive Load 

When switched ON, the worst case power dissipation is: 

Vcc 

Pd(ON) = Ipeak 2 x Ron; where l Pea k = R ~ + Rg 

The steady-state ON current of the inductor should be kept 
less than 1A per power switch. 

The additional power dissipation during turn-off, as the in- 
ductor is de-energized and the voltage across the inductor 
is clamped to -5V, can be found by: 


P D(OFF) = 


(VCC + 5V) X l Peak 
2 


for the time interval, tQ| amp , which is the time required for 
the inductor current to fall to zero; 


tciamp — 


ipeak x L 
5V 


The size of the inductor will determine the time duration for 
this additional power dissipation interval. Even though the 
peak current is kept less than 1A, the switch during this 
interval will see a voltage across it of Vqq + 5V with no 


power limit protection. If the inductor is too large, the time 
interval may be long enough to heat the die temperature to 
+ 1 70°C thereby shutting OFF all other loads on the pack- 
age. 

The total average power dissipation during a full ON/OFF 
switching cycle of an inductive load will be: 

Pd„o.) = [ 'Peak 2 Ron <on + + 5V) ] + t0FF 

Due to the common cut-off of all loads forced by thermal 
shutdown, the thermal time constants of the package be- 
come a concern. Figure 14 provides an indication of the 
time it takes to heat the die to thermal shutdown with a step 
increase in package power dissipation from an initial junc- 
tion temperature of + 25°C. This data was measured using 
a PC board layout providing a thermal resistance from junc- 
tion to ambient of approximately 35°C/W. Less heatsinking 
will, of course, result in faster thermal shutdown of the pow- 
er switches. 
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FIGURE 14. Approximate time required for the die to 
reach the 170°C thermal shutdown point from 25°C for 
different total package power dissipation levels. 
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Unipolar Drive for a 4-Phase Stepper Motor 
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Applications (Continued) 


Recommended Connection if No Diagnostics are Required 



TL/H/1 1026-27 


Simple protection of the LMD 18400 against supply voltage reversal. Loads will be energized through the intrinsic 
diodes in parallel with the power switches. The Schottky diode will add approximately 0.2V to the logic input switching 

thresholds and the logic output low levels. 
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Simple Light “Chaser” 



Parallelling switches for higher current capability. Positive temperature coefficient of the switch ON resistance 
provides ballasting to evenly share the load current between the switches. Any combination of switches can be 
paralleled. Required peak load current will depend upon the motor load. Motor speed control can be provided by a 
PWM signal of up to 20 kHz applied to the motor drive input lines. 



TL/H/ 11026-30 
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Low-Dropout Voltage Regulators 
Definition of Terms 


Dropout Voltage: The input-voltage differential at which 
the circuit ceases to regulate against further reduction in 
input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at (Vqut 
+ 5V) input, dropout voltage is dependent upon load cur- 
rent and junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 
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Output 

Current 

(A) 

Device 

Output 

Voltage 

(V) 

Typical 

Dropout 

Voltage 

(V)* 

Maximum 

Input 

Voltage 

(V) 

Typical 

Quiescent 

Current 

(mA) 

Reverse 

Polarity 

Protection 

(V) 

Transient 

Protection 

(V) 

Operating 
Temperature 
(Tj °C) 

Page 

No. 

1.0 

LM2940 

5, 8, 12, 15 

0.50 

26 

10 

-15 

+ 60**/ — 50 

-55 to +150 

3-154 


LM2940C 

5, 9, 12, 15 

0.50 

26 

10 

-15 

+ 45/ -45 

0 to +150 

3-154 

0.75 

LM2925 

5 

0.82 

26 

3 

-15 

+ 60**/ — 50 

-40 to +150 

3-114 


LM2935 

Two 5V Outputs 

0.82 

26 

3 

-15 

+ 60**/ — 50 

-40 to +150 

3-136 

0.5 

LM2926 

5 

0.35 

26 

2 

-18 

+ 80**/ — 50 

-40 to +125 

3-120 


LM2927 

5 

0.35 

26 

2 

-18 

+ 80**/ — 50 

-40 to +125 

3-120 


LM2937 

5, 8, 10, 12, 15 

0.50 

26 

2 

-15 

+ 60**/ — 50 

-40 to +125 

3-149 


LM2984 

Three 5V Outputs 

0.53 

26 

14 

-15 

+ 60**/ — 35 

-40 to +150 

3-179 

0.1 

LM2931 

5 

0.30 

24 

0.400 

-15 

+ 60**/ -50 

-40 to +125 

3-128 


LM2931C 

Adj. (3 to 29) 

0.30 

24 

0.400 

-15 

+ 60**/ — 50 

-40 to +125 

3-128 


LP2950C 

5 

0.38 

30 

0.075 



-40 to +125 

3-164 


LP2950AC 

5 

0.38 

30 

0.075 



-40 to +125 

3-164 


LP2951 

5, Adj. (1.24V to 29) 

0.38 

30 

0.075 



-55 to +150 

3-164 


LP2951C 

3.0, 3.3, 5, Adj. (1.24V to 29) 

0.38 

30 

0.075 



-40 to +125 

3-164 


LP2951AC 

3.0, 3.3, 5, Adj. (1.24V to 29) 

0.38 

30 

0.075 



-40 to +125 

3-164 

0.05 

LM2936 

5 

0.4 

40 

0.009 

-15 

+ 60/ -50 

-40 to +125 

3-144 


^Guaranteed maximum dropout voltage at full load over temperature. 

** Positive transient protection value also indicates the regulator’s load dump capability. 
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LM1577/LM2577 Series 



National Semico 


nduc t or 


LM1577/LM2577 Series 

SIMPLE SWITCHER® Step-Up Voltage Regulator 


General Description 

The LM1577/LM2577 are monolithic integrated circuits that 
provide all of the power and control functions for step-up 
(boost), flyback, and forward converter switching regulators. 
The device is available in three different output voltage ver- 
sions: 1 2 V, 1 5 V, and adjustable. 

Requiring a minimum number of external components, 
these regulators are cost effective, and simple to use. Listed 
in this data sheet are a family of standard inductors and 
flyback transformers designed to work with these switching 
regulators. 

Included on the chip is a 3.0A NPN switch and its associat- 
ed protection circuitry, consisting of current and thermal lim- 
iting, and undervoltage lockout. Other features include a 52 
kHz fixed-frequency oscillator that requires no external com- 
ponents, a soft start mode to reduce in-rush current during 
start-up, and current mode control for improved rejection of 
input voltage and output load transients. 


Features 

Requires few external components 

■ NPN output switches 3.0A, can stand off 65 V 

■ Wide input voltage range: 3.5V to 40V 

■ Current-mode operation for improved transient 
response, line regulation, and current limit 

■ 52 kHz internal oscillator 

■ Soft-start function reduces in-rush current during 
start-up 

■ Output switch protected by current limit, under-voltage 
lockout, and thermal shutdown 

Typical Applications 

■ Simple boost regulator 

■ Flyback and forward regulators 

■ Multiple-output regulator 


Typical Application 
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Ordering Information 


Temperature 

Range 


Output Voltage 

NSC 

Package 

Drawing 

Package 

12V 

15 V 

ADJ 

p 

to 

CM 

+ 

VI 

£ 

VI 

p 

o 

1 

24-Pin Surface Mount 

LM2577M-12 

LM2577M-15 

LM2577M-ADJ 

M24B 

SO 


16-Pin Molded DIP 

LM2577N-12 

LM2577N-15 

LM2577N-ADJ 

N16A 

N 


5-Lead Surface Mount 

LM2577S-12 

LM2577S-15 

LM2577S-ADJ 

TS5B 

TO-263 


5-Straight Leads 

LM2577T-12 

LM2577T-15 

LM2577T-ADJ 

T05A 

TO-220 


5-Bent Staggered Leads 

LM2577T-12 

LM2577T-15 

LM2577T-ADJ 

T05D 

TO-220 



Flow LB03 

Flow LB03 

Flow LB03 



— 55°C ^ T a ^ + 1 50°C 

4-Pin TO-3 

LM1577K-1 2/883 

LM1577K-1 5/883 

LMt 577K-ADJ/883 

K04A 

TO-3 
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Absolute Maximum Ratings (Notei) Operating Ratings 

If Military /Aerospace specified devices are required, Supply Voltage 3.5V ^ Vin ^ 40V 

please contact the National Semiconductor Sales Output Switch Voltage 0V <; V S witch ^ 60V 

Office/Distributors for availability and specifications. output Swjtch Current | SWITCH ^ 3 0A 

Supply Voltage 45V Junctjon Temperature Range 

Output Switch Voltage 65V LM1577 -55°C ^ Tj ^ + 150°C 

Output Switch Current (Note 2) 6.0A LM2577 -40°C ^ Tj ^ + 125°C 

Power Dissipation Internally Limited 

Storage Temperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Maximum Junction T emperature 1 50°C 

Minimum ESD Rating 

(C = 100pF,R = 1.5 m) 2 kV 

Electrical Characteristics— LM 1577- 12, LM2577-12 

Specifications with standard type face are for Tj = 25°C, and those in bold type face apply over full Operating Temperature 
Range. Unless otherwise specified, Vin = 5V, and IswiTCH = 0- 

Symbol 

Parameter 

Conditions 

Typical 

LM 1577-1 2 

Limit 

(Notes 3, 4) 

LM2577-12 

Limit 
(Note 5) 

Units 

(Limits) 

SYSTEM PARAMETERS Circuit of Figure 1 (Note 6) 

V OUT 

Output Voltage 

V| N = 5 V to 1 0 V 

•LOAD = 100 m A to 800 mA 

(Note 3) 

12.0 

11.60/11.40 

12.40/12,60 

11.60/11.40 

12.40/12.60 

V 

V(min) 

V(max) 

AVout 

AVin 

Line Regulation 

V|n = 3.5V to 10V 

ILOAD = 300 mA 

20 

50/100 

50/100 

mV 

mV(max) 

AVqut 

AlOAD 

Load Regulation 

Vin = 5V 

•LOAD = 1 00 mA to 800 mA 

20 

50/100 

50/100 

mV 

mV(max) 

1 

Efficiency 

Vjn = 5V, l|_OAD = 300 mA 

80 



% 

DEVICE PARAMETERS 

is 

Input Supply Current 

V FEEDBACK = 14V (Switch Off) 

7.5 

10.0/14.0 

10.0/14.0 

mA 

mA(max) 

•SWITCH = 2.0A 

v COMP = 2.0V (Max Duty Cycle) 

25 

50/85 

50/85 

mA 

mA(max) 

Vuv 

Input Supply 
Undervoltage Lockout 

■SWITCH = 1 00 mA 

2.90 

2.70/2.65 

3.10/3.15 

2.70/2.65 

3.10/3.15 

V 

V(min) 

V(max) 

fo 

Oscillator Frequency 

Measured at Switch Pin 
•switch = 100 m A 

52 

48/42 

56/62 

48/42 

56/62 

kHz 

kHz(min) 

kHz(max) 

VreF 

Output Reference 
Voltage 

Measured at Feedback Pin 

V| N - 3.5V to 40V 
v COMP = 1 OV 

12 

11.76/11.64 

12.24/12.36 

11.76/11.64 

12.24/12.36 

V 

V(min) 

V(max) 

AVref 

aV| N 

Output Reference 
Voltage Line Regulator 

Vjn = 3.5V to 40V 

7 



mV 

r fb 

Feedback Pin Input 
Resistance 


9.7 



kn 

Gm 

Error Amp 
Transconductance 

■cOMP == — 30 juA to 4- 30 juA 
VCOMP = 1 -0V 

370 

225/145 

515/615 

225/145 

515/615 

jLimho 

/xmho(min) 

jnmho(max) 

a vol 

Error Amp 

Voltage Gain 

VcOMP = 1-1V to 1.9V 

Rcomp = i -0 Ma 
(Note 7) 

80 

50/25 

50/25 

V/V 

V/V(min) 

1 
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LM 1 577/ LM2577 Series 


Electrical Characteristics — LM 1577-1 2, LM2577-1 2 (continued) 

Specifications with standard type face are for Tj = 25°C, and those in bold type face apply over full Operating Temperature 
Flange. Unless otherwise specified, Vin = 5V, and IswiTCH = 0. 

Symbol 

Parameter 

Conditions 

Typical 

LM1577-12 

Limit 

(Notes 3, 4) 

LM2577-12 

Limit 
(Note 5) 

Units 

(Limits) 

DEVICE PARAMETERS (Continued) 


Error Amplifier 

Output Swing 

Upper Limit 

Vfeedback = 100V 

2.4 

2. 2/2.0 

2. 2/2.0 

V 

V(min) 

Lower Limit 

Vfeedback = 15.0V 

0.3 

0.40/0.55 

0.40/0.55 

V 

V(max) 


Error Amplifier 

Output Current 

Vfeedback ~ 10.0V to 15.0V 
VcOMP = 1 -0V 

±200 

± 130/ ±90 

±300/ ±400 

± 130/ ±90 

±300/ ±400 

julA 

jLtA(min) 

jnA(max) 

•SS 

Soft Start Current 

Vfeedback = 10.0V 

Vcomp = ov 

5.0 

2.5/ 1.5 
7.5/0.5 

2.5/ 1.5 
7.5/9.5 

fxA 

ju,A(min) 

juA(max) 

D 

Maximum Duty Cycle 

VcOMP = 1-5V 
•switch “ 1 00 mA 

95 

93/90 

93/90 

% 

%(min) 

BISWITCH 

AVcoMP 

Switch 

T ransconductance 


12.5 



A/V 

II 

Switch Leakage 
Current 

VswITCH = 55V 

Vfeedback = 1 5V (Switch Off) 

10 

300/600 

300/600 

jutA 

jnA(max) 

V SAT 

Switch Saturation 
Voltage 

•switch = 2.0A 

Vcomp = 2 -°V (Max Duty Cycle) 

0.5 

0.7/O.9 

0.7/O.9 

V 

V(max) 


NPN Switch 

Current Limit 


4.5 

3. 7/3.0 

5.3/6.0 

3. 7/3.0 

5.3/6.0 

A 

A(min) 

A(max) 
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Electrical Characteristics— LM 1577- 15, LM2577-15 

Specifications with standard type face are for Tj = 25°C, and those in bold type face apply over full Operating Temperature 
Range. Unless otherwise specified, V|n = 5V, and Iswitch — 0. 

Symbol 

Parameter 

Conditions 

Typical 

LM 1577-15 
Limit 

(Notes 3, 4) 

LM2577-15 
Limit 
(Note 5) 

Units 

(Limits) 

SYSTEM PARAMETERS Circuit of Figure 2 (Note 6) 

VoUT 

Output Voltage 

V )N = 5V to 1 2 V 

Iload = 1 00 mA to 600 mA 
(Note 3) 

15.0 

14.50/14.25 

15.50/15.75 

14.50/14.25 

15.50/15.75 

V 

V(min) 

V(max) 

AVout 

V| N 

Line Regulation 

V| N = 3.5V to 12V 

Iload = 300 mA 

20 

50/100 

50/100 

mV 

mV(max) 

AVquT 

A 1 LOAD 

Load Regulation 

V| N = 5V 

Iload = 1 00 mA to 600 mA 

20 

50/100 

50/100 

mV 

mV(max) 

V 

Efficiency 

Vin = 5V, Iload = 600 mA 

80 



% 

DEVICE PARAMETERS 

•s 

Input Supply Current 

^feedback = 1 8.0V 
(Switch Off) 

7.5 

10.0/14.0 

10.0/ 14,0 

mA 

mA(max) 

Iswitch = 2.0A 

Vcomp = 2.0V 
(Max Duty Cycle) 

25 

50/85 

50/85 

mA 

mA(max) 

V UV 

Input Supply 
Undervoltage 

Lockout 

Iswitch = 100 mA 

2.90 

2.70/2.65 

3.10/3.15 

2.70/2.65 

3.10/3.15 

V 

V(min) 

V(max) 

fo 

Oscillator Frequency 

Measured at Switch Pin 
•switch = 1 00 mA 

52 

48/42 

56/62 

48/42 

56/62 

kHz 

kHz(min) 

kHz(max) 

VreF 

Output Reference 

Voltage 

Measured at Feedback Pin 

V| N = 3.5V to 40V 

Vcomp = i -0V 

15 

14.70/14.55 

15.30/15.45 

14.70/14.55 

15.30/15.45 

V 

V(min) 

V(max) 

AVref 

AV,n 

Output Reference 

Voltage Line Regulation 

V| N = 3.5V to 40V 

10 



mV 

r fb 

Feedback Pin Input 
Voltage Line Regulator 


12.2 



kn 

Gm 

Error Amp 
Transconductance 

•COMP — ~30 jaAto +30 jaA 

Vcomp = 1 °v 

300 

170/110 

420/500 

170/110 

420/500 

jmmho 

jnmho(min) 

jamho(max) 

AvOL 

Error Amp 

Voltage Gain 

Vcomp = i.ivtoi.QV 
r COMP = 1-0 
(Note 7) 

65 

40/20 

40/20 

V/V 

V/V(min) 
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LM 1 577/ LM 2577 Series 


Electrical Characteristics— LM 1577- 15, LM2577- 15 (C6ntinued) > 

Specifications with standard type face are: for Tj = 25°C, and those in bold type face apply over full Operating Temperature 
Range. Unless otherwise specified, V|n = 5V, and Iswitch = 0- 

Symbol 

Parameter 

Conditions 

Typical 

LM1577-15 

Limit 

(Notes 3, 4) 

LM2577-15 

Limit 
(Note 5) 

Units 

(Limits) 

DEVICE PARAMETERS (Continued) 


Error Amplifier 
Output Swing 

Upper Limit 

Vfeedback = 12.0 V 

2.4 

2. 2/2.0 

2.2/2.0 

V 

V(min) 



Lower Limit 

Vfeedback = 18.0V 

0.3 

0.4/0.55 

0.40/0.55 

V 

V(max) 


Error Amp 

Output Current 

Vfeedback = 12.0V to 18.0V 
Vcomp = i -0V 

±200 

±130/ ±90 

±300/ ±400 

±130/ ±90 

±300/ ±400 

jxA 

jaA(min) 

juA(max) 

Iss 

Soft Start Current 

Vfeedback = 12.0V 

Vcomp = ov 

5.0 

2.5/ 1.5 

7. 5/9.5 

2.5/ 1.5 

7. 5/9.5 

/jlA 

jutA(min) 

/xA(max) 

D 

Maximum Duty 

Cycle 

Vcomp = 1.5V 
'switch = 100 mA 

95 

93/90 

93/90 

% 

%(min) 

A 'SWITCH 

AVcoMP 

Switch 

Transconductance 


12.5 



A/M 

'l 

Switch Leakage 
Current 

VsWITCH = 85V 

Vfeedback = 18.0V 
(Switch Off) 

10 

300/600 

300/600 

\xA 

jmA(max) 

VSAT 

Switch Saturation 
Voltage 

'SWITCH = 2.0A 

Vcomp := 2.0V 
(Max Duty Cycle) 

0.5 

0.7/O.9 

0. 7/0.9 

V 

V(max) 


NPN Switch 

Current Limit 

Vcomp = 2 .ov 

4.3 

3. 7/3.0 

5.3/6.0 

3. 7/3.0 

5.3/6.0 

A 

A(min) 

A(max) 
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Electrical Characteristics— LM1577-ADJ, LM2577-ADJ 

Specifications with standard type face are for Tj = 25°C, and those in bold type face apply over full Operating Temperature 
Range. Unless otherwise specified, V|n = 5V, Vfeedback = v ref. and Iswitch = 0- 

Symbol 

Parameter 

Conditions 

Typical 

LM1 577-AD J 

Limit 

(Notes 3, 4) 

LM2577-ADJ 

Limit 
(Note 5) 

Units 

(Limits) 

SYSTEM PARAMETERS Circuit of Figure 3 (Note 6) 

v OUT 

Output Voltage 

V| N = 5 V to 1 0 V 

•LOAD = 100 m A to 800 mA 

(Note 3) 

12.0 

11.60/11.40 

12.40/12.60 

11.60/11.40 

12.40/12.60 

V 

V(min) 

V(max) 

aVout/ 

AV,n 

Line Regulation 

V| N = 3.5V to 10V 
•LOAD = 300 m A 

20 

50/100 

50/100 

mV 

mV(max) 

AVqut/ 

AIload 

Load Regulation 

V|N = 5V 

•load = 100 mA to 800 mA 

20 

50/100 

50/100 

mV 

mV(max) 

V 

Efficiency 

Vin = 5V, IloAD = 80° m A 

80 



% 

DEVICE PARAMETERS 

•s 

Input Supply Current 

Vfeedback = 1 - 5V (Switch Off) 

7.5 

10.0/14.0 

10.0/14.0 

mA 

mA(max) 

•switch = 2.0A 

Vcomp = 2.0V (Max Duty Cycle) 

25 

50/85 

50/85 

mA 

mA(max) 

Vuv 

Input Supply 
Undervoltage Lockout 

•SWITCH = 1 00 mA 

2.90 

2.70/2.65 

3.10/3.15 

2.70/2.65 

3.10/3.15 

V 

V(min) 

V(max) 

b 

Oscillator Frequency 

Measured at Switch Pin 
•switch = 1 00 mA 

52 

48/42 

56/62 

48/42 

56/62 

kHz 

kHz(min) 

kHz(max) 

Vref 

Reference 

Voltage 

Measured at Feedback Pin 

V iN = 3.5V to 40V 

Vcomp = 1 ov 

1.230 

1.214/1.206 

1.246/1.254 

1.214/1.206 

1.246/1.254 

V 

V(min) 

V(max) 

AVref/ 

av, n 

Reference Voltage 

Line Regulation 

V| N = 3.5V to 40V 

0.5 



mV 

•b 

Error Amp 

Input Bias Current 

Vcomp = 1 -0V 

100 

300/800 

300/800 

nA 

nA(max) 

Gm 

Error Amp 
Transconductance 

•COMP = ~ 30 jliA to + 30 jaA 
Vcomp = 1 -0V 

3700 

2400/1600 

4800/58 00 

2400/1600 

4800/5800 

jamho 

jmmho(min) 

jumho(max) 

AvOL 

Error Amp 

Voltage Gain 

Vcomp = i.iv to 1.9V 

Rcomp = 1.0 Mfi (Note 7) 

800 

500/250 

500/250 

V/V 

V/V(min) 


Error Amplifier 

Output Swing 

Upper Limit 

Vfeedback = 1 ov 

2.4 

2. 2/2.0 

2.2/2.0 

V 

V(min) 

Lower Limit 

Vfeedback = 1-5V 

0.3 

0.40/0.55 

0.40/0.55 

V 

V(max) 
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LM1577/LM2577 Series 


Electrical Characteristics-^LM1577-ADJ, LM2577-ADJ (continued) 

Specifications with standard type face are for Tj = 25°C, and those in bold type face apply over full Operating Temperature 
Range. Unless otherwise specified, Vin = 5V, Vfeedback ?= Vref. and •switch = 0. 

Symbol 

Parameter 

Conditions 

Typical 

LM1 577-AD J 

Limit 

(Notes 3, 4) 

LM2577-ADJ 
Limit 
(Note 5) 

Units 

(Limits) 

DEVICE PARAMETERS (Continued) 


Error Amp 

Output Current 

Vfeedback = 1 ov to 1 .5V 
v C0MP = 1 OV 

±200 

± 130/ ±90 

±300/ ±400 

±130/ ±90 

±300/ ±400 

fiA 

ju,A(min) 

juA(max) 

•ss 

Soft Start Current 

Vfeedback = 1 ov 

Vcomp - 0V 

5.0 

2. 5 / 1.5 

7. 5 / 9.5 

2. 5 / 1.5 

7. 5/9.5 

ju,A 

juA(min) 

jaA(max) 

D 

Maximum Duty Cycle 

VCOMP = 1.5V 
•switch = 1 00 mA 

95 

93/90 

93/90 

% 

%(min) 

AIswitch/ 

av comp 

Switch 

Transconductance 


12.5 



A/V 

•l 

Switch Leakage 
Current 

VSWITCH = 05V 

Vfeedback = 1 -5V (Switch Off) 

10 

300/600 

300/600 

juA 

ju,A(max) 

VSAT 

Switch Saturation 
Voltage 

•switch = 2.0A 

Vcomp = 2.0V (Max Duty Cycle) 

0.5 

0. 7/0.9 

0.7/O.9 

V 

V(max) 


NPN Switch 

Current Limit 

Vcomp = 2.ov 

4.3 

3. 7/3.0 
5.3/6.0 

3. 7/3.0 

5. 3/6.0 

A 

A(min) 

A(max) 

THERMAL PARAMETERS (All Versions) 

0JA 

0JC 

Thermal Resistance 

K Package, Junction to Ambient 

K Package, Junction to Case 

35 

1.5 



°C/W 

0JA 

0JC 

T Package, Junction to Ambient 

T Package, Junction to Case 

65 

2 



0JA 

N Package, Junction to 

Ambient (Note 8) 

85 



0JA 

M Package, Junction 
to Ambient (Note 8) 

100 



0JA 


S Package, Junction to 

Ambient (Note 9) 

37 



Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the device is intended to 
be functional, but device parameter specifications may not be guaranteed under these conditions. For guaranteed specifications and test conditions, see the 
Electrical Characteristics. 

Note 2: Due to timing considerations of the LM1577/LM2577 current limit circuit, output current cannot be internally limited when the LM1577/LM2577 is used as a 
step-up regulator. To prevent damage to the switch, its current must be externally limited to 6.0A. However, output current is internally limited when the 
LM1577/LM2577 is used as a flyback or forward converter regulator in accordance to the Application Hints. 

Note 3: All limits guaranteed at room temperature (standard type face) and at temperature extremes (boldface type). All limits are used to calculate Outgoing 
Quality Level, and are 100% production tested. 

Note 4: A military RETS electrical test specification is available on request. At the time of printing, the LM1577K-1 2/883, LM1577K-1 5/883, and 

LM1 577K-ADJ/883 RETS specifications complied fully with the boldface limits in these columns. The LM1577K-1 2/883, LM1577K-1 5/883, and LM1577K-ADJ/ 

883 may also be procured to Standard Military Drawing specifications. 

Note 5: All limits guaranteed at room temperature (standard type face) and at temperature extremes (boldface type). All room temperature limits are 100% 
production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods. 

Note 6: External components such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the LM1577/LM2577 is 
used as shown in the Test Circuit, system performance will be as specified by the system parameters. 

Note 7: A 1 .0 MJ1 resistor is connected to the compensation pin (which is the error amplifier’s output) to ensure accuracy in measuring Avol- ln actual applications, 
this pin’s load resistance should be ^10 Mft, resulting in Avol that is typically twice the guaranteed minimum limit. 

Note 8: Junction to ambient thermal resistance with approximately 1 square inch of pc board copper surrounding the leads. Additional copper area will lower 
thermal resistance further. See thermal model in “Switchers Made Simple” software. 

Note 9: If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected to the package. Using 

0.5 square inches of copper area, 0ja is 50°C/W; with 1 square inch of copper area, 0ja is 37°C/W; and with 1.6 or more square inches of copper area, 0ja is 
32°C/W. 
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LM1577/LM2577 Series 



LM1577/LM2577 Series 


Typical Performance Characteristics (Continued) 


Quiescent Current 
vs Temperature 

50 
45 
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TL/H/1 1468-31 


3-100 





Connection Diagrams 


Straight Leads 
5-Lead TO-220 (T) 


o 


TL/H/1 1468-4 

Top View 


5“ V| N 

4- Switch 
3- Ground 
2- Feedback 
1- Comp 


Bent, Staggered Leads 
5-Lead TO-220 (T) 


o 


TL/H/1 1468-5 

Top View 


5 - V 1M 

4- Switch 
3- Ground 
2- Feedback 
1- Comp 


Order Number LM2577T-12, LM2577T-15, 
or LM2577T-ADJ 
See NS Package Number T05A 


Order Number LM2577T-12 Flow LB03, LM2577T-15 
Flow LB03, or LM2577T-ADJ Flow LB03 
See NS Package Number T05D 


16-Lead DIP (N) 



*No internal 
Connection 
TL/H/1 1468-6 


Order Number LM2577N-12, LM2577N-15, 
or LM2577N-ADJ 
See NS Package Number N16A 


24-Lead Surface Mount (M) 



Top View 

Order Number LM2577M-12, LM2577M-15, 
or LM2577M-ADJ 
See NS Package Number M24B 


*No internal 
Connection 
TL/H/1 1468-7 


TO-263 (S) 

5-Lead Surface-Mount Package 

=3=15- v m 

HJZI4- Switch 
mu 3- Ground 
13 ^ 2 - Feedback 
HJu 1- Comp 

TL/H/1 1468-32 

Top View 




TL/H/1 1468-33 

Side View 

Order Number LM2577S-12, LM2577S-15, 
or LM2577S-ADJ 
See NS Package Number TS5B 


4-Lead TO-3 (K) 



TL/H/1 1468-8 

Bottom View 

Order Number LM1577K-1 2/883, LM1577K- 15/883, or 
LM 1 577K-AD J/ 883 
See NS Package Number K04A 
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LM1577/LM2577 Series 




Test Circuits 
LM 1577-1 2, LM2577-12 


V| N 



TL/H/1 1468-30 

L = 415-0930 (AIE) Cout = s P ra 9 ue T YP e 673D Note: Pin numbers shown 

D = any manufacturer Electrolytic 680 ju,F, 20V are for TO-220 (T) package 

FIGURE 1. Circuit Used to Specify System Parameters for 12V Versions 


LM 1577-1 5, LM2577-15 



TL/H/1 1468-26 

L = 415-0930 (AIE) Cout = s P ra 9 ue Type 6730 Note: Pin numbers shown 

D = any manufacturer ' Electrolytic 680 juF, 20V are for TO-220 (T) package 

FIGURE 2. Circuit Used to Specify System Parameters for 15V Versions 


LM1577-ADJ, LM2577-ADJ 



Note: Pin numbers shown 
are for TO-220 (T) package 


TL/H/1 1468-9 

L = 415-0930 (AIE) , C 0 ut = Sprague Type 673D R1 = 48.7k in series with 511ft (1%) 

D = any manufacturer Electrolytic 680 juJF, 20V R2 = 5.62k (1 %) 

FIGURE 3. Circuit Used to Specify System Parameters for ADJ Versions 






Application Hints 



TL/H/1 1468-10 


FIGURE 4. LM1577/LM2577 Block Diagram and Boost Regulator Application 


STEP-UP (BOOST) REGULATOR 

Figure 4 shows the LM1577-ADJ/LM2577-ADJ used as a 
Step-Up Regulator. This is a switching regulator used for 
producing an output voltage greater than the input supply 
voltage. The LM1577-12/LM2577-12 and LM1577-15/ 
LM2577-15 can also be used for step-up regulators with 
12V or 15V outputs (respectively), by tying the feedback pin 
directly to the regulator output. 

A basic explanation of how it works is as follows. The 
LM1577/LM2577 turns its output switch on and off at a fre- 
quency of 52 kHz, and this creates energy in the inductor 
(L). When the NPN switch turns on, the inductor current 
charges up at a rate of V|n/L, storing current in the inductor. 


When the switch turns off, the lower end of the inductor flies 
above V|n, discharging its current through diode (D) into the 
output capacitor (Cout) at a rate of (Vqut - V|n)/L. Thus, 
energy stored in the inductor during the switch on time is 
transferred to the output during the switch off time. The out- 
put voltage is controlled by the amount of energy trans- 
ferred which, in turn, is controlled by modulating the peak 
inductor current. This is done by feeding back a portion of 
the output voltage to the error amp, which amplifies the dif- 
ference between the feedback voltage and a 1 .230V refer- 
ence. The error amp output voltage is compared to a volt- 
age proportional to the switch current (i.e., inductor current 
during the switch on time). 
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LM1577/LM2577 Series 


Application Hints (Continued) 

The comparator terminates the switch on time when the two 
voltages are equal, thereby controlling the peak switch cur- 
rent to maintain a constant output voltage. 

Voltage and current waveforms for this circuit are shown in 
Figure 5, and formulas for calculating them are given in Fig- 
ure 6. 


SWITCH 

VOLTAGE 


DIODE 

VOLTAGE 


INDUCTOR 

CURRENT 


SWITCH 

CURRENT 


DIODE 

CURRENT 


TL/H/1 1468-11 

FIGURE 5. Step-Up Regulator Waveforms 


Duty Cycle 

D 

Vout + V F - Vin _ Vout ~ Vin 
Vout + V F - V S at Vout 

Average Inductor 
Current 

'lND(AVE) 

■load 

1 - D 

Inductor Current 
Rippie 

Mind 

V IN “ V S AT D 

L 52,000 

Peak inductor 
Current 

•iND(PK) 

iLOAD(max) ( Mind 
t — D( max ) 2 

Peak Switch 

Current 

•SW(PK) 

>LOAD(max) , AI IND 

1 ~ D(max) 2 

Switch Voltage 
When Off 

VSW(OFF) 

Vqut + Vf 

Diode Reverse 
Voltage 

Vr 

Vout ~ v S at 

Average Diode 
Current 

'd(ave) 

'load 

Peak Diode 

Current 

*D(PK) 

■load ( Mind 

1 ' tymax) 2 

Power Dissipation 
of LM 1577/2577 

P D 

0.25fif' LOAD ') 2 D+ lLOADDV|N 
\ 1 ~ D / 50(1 - D) 


V F = Forward Biased Diode Voltage 
I load - Output Load Current 

FIGURE 6. Step-Up Regulator Formulas 
STEP-UP REGULATOR DESIGN PROCEDURE 

The following design procedure can be used to select the 
appropriate external components for the circuit in Figure 4, 
based on these system requirements. 

Given: 

V|N (min) = Minimum input supply voltage 
Vout = Regulated output voltage 
•LOAD(max) = Maximum output load current 



Before proceeding any further, determine if the LM1577/ 
LM2577 can provide these values of Vqut and l|_OAD(max) 
when operating with the minimum value of Vin. The upper 
limits for Vqut end ^LOAD(max) are given by the following 
equations. 


V 0U T £ 60V 

and Vqut ^ 10 x V| N ( min ) 

2 . 1 A X V|N( m j n ) 

iLOAD(max) £ Vq ""' 


These limits must be greater than or equal to the values 
specified in this application. 

1. Inductor Selection (L) 

A. Voltage Options: 

1. For 12V or 15V output 

From Figure 7a (for 12V output) or Figure 7b (for 15V 
output), identify inductor code for region indicated by 
Vin (min) an d I load (max)- The shaded region indicates 
conditions for which the LM1577/LM2577 output switch 
would be operating beyond its switch current rating. The 
minimum operating voltage for the LM1577/LM2577 is 
3.5V. 


From here, proceed to step C. 

2. For Adjustable version 
Preliminary calculations: 

The inductor selection is based on the calculation of the 
following three parameters: 

D(max). the maximum switch duty cycle (0 ^ D ^ 0.9): 

Vqut + Vf - VlN(min) 

Vqut + Vp — 0.6V 
where Vp = 0.5V for Schottky diodes and 0.8V for fast 
recovery diodes (typically); 

E • T, the product of volts x time that charges the inductor: 

E#T = D (max) (VlN(min) ~ 0-6V)10 6 . 

52,000 Hz 


D(max) ~ ‘ 


Iind,dc , the average inductor current under full load; 


*IND,DC = 


1 .05 X iLOAP(max) 

1 ~ D(max) 


B. Identify inductor Value: 


1 . From Figure 7c, identify the inductor code for the region 
indicated by the intersection of E*T and Iind.dc- This code 
gives the inductor value in microhenries. The L or H prefix 
signifies whether the inductor is rated for a maximum E»T of 
90 V* jas (L) or 250 V*juts (H). 

2. If D < 0.85, go on to step C. If D ^ 0.85, then calculate 
the minimum inductance needed to ensure the switching 
regulator’s stability: 


(jaH ) 

1 ~ D( m ax) 

If Lmin <s smaller than the inductor value found in step B1, 
go on to step C. Otherwise, the inductor value found in step 
B1 is too low; an appropriate inductor code should be ob- 
tained from the graph as follows: 


1 . Find the lowest value inductor that is greater than Lmin. 

2. Find where E«T intersects this inductor value to deter- 
mine if it has an L or H prefix. If E*T intersects both the 
L and H regions, select the inductor with an H prefix. 
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MAXIMUM LOAD CURRENT (A) 

TL/H/ 11468-27 

FIGURE 7a. LM2577-12 Inductor Selection Guide 


MAXIMUM LOAD CURRENT (A) 

TL/H/1 1468-28 

FIGURE 7b. LM2577-15 Inductor Selection Guide 
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'iND.DC 

TL/H/11468-12 

FIGURE 7c. LM 1 577-AD J/LM2577-ADJ Inductor Selection Graph 
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Note: 

These charts assume that the inductor ripple current inductor is approximately 20% to 30% of the average inductor current (when the regulator is under full load). 
Greater ripple current causes higher peak switch currents and greater output ripple voltage; lower ripple current is achieved with larger-value inductors. The factor 
of 20 to 30% is chosen as a convenient balance between the two extremes. 
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Application Hints (Continued) 

C. Select an inductor from the table of Figure 8 which cross- 
references the inductor codes to the part numbers of three 
different manufacturers. Complete specifications for these 
inductors are available from the respective manufacturers. 
The inductors listed in this table have the following charac- 
teristics: 

A/E: ferrite, pot-core inductors; Benefits of this type are 
low electro-magnetic interference (EMI), small physical 
size, and very low power dissipation (core loss). Be care- 
ful not to operate these inductors too far beyond their 
maximum ratings for E«T and peak current, as this will 
saturate the core. 

Pulse: powdered iron, toroid core inductors; Benefits are 
low EMI and ability to withstand E»T and peak current 
above rated value better than ferrite cores. 

Renco: ferrite, bobbin-core inductors; Benefits are low 
cost and best ability to withstand E«T and peak current 
above rated value. Be aware that these inductors gener- 
ate more EMI than the other types, and this may interfere 
with signals sensitive to noise. 


Inductor 

Code 

Manufacturer’s Part Number 

Schott 

Pulse 

Renco 

L47 

67126980 

PE- 53112 

RL2442 

L68 

67126990 

PE -921 14 

RL2443 

LI 00 

67127000 

PE -921 08 

RL2444 

LI 50 

67127010 

PE -53119 

RL1954 

L220 

67127020 

PE - 52626 

RL1953 

L330 

67127030 

PE - 52627 

RL1952 

L470 

67127040 

PE -531 14 

RL1951 

L680 

67127050 

PE - 52629 

RL1950 

HI 50 

67127060 

PE -531 15 

RL2445 

H220 

67127070 

PE- 53116 

RL2446 

H330 

67127080 

PE-53117 

RL2447 

H470 

67127090 

PE -53118 

RL1961 

H680 

67127100 

PE -531 19 

RL1960 

HI 000 

67127110 

PE -53120 

RL1959 

HI 500 

67127120 

PE - 53121 

RL1958 

H2200 

67127130 

PE -53122 

RL2448 


Schott Corp., (612) 475-1173 
1000 Parkers Lake fid., Wayzata, MN 55391 
Pulse Engineering, (619) 268-2400 
P.O. Box 12235, San Diego, CA 92112 
Rencd Electronics inc., (516) 586-5566 
60 Jeffryn Blvd. East, Deer Park, NY 1 1 729 

FIGURE 8. Table of Standardized Inductors and 
Manufacturer’s Part Numbers 
2. Compensation Network (Rc, Cc) and Output Capaci- 
tor (Cout) Selection 

Rc and Cc form a pole-zero compensation network that 
stabilizes the regulator. The values of Rc and Cc are mainly 
dependant on the regulator voltage gain, iLOAD(max). L and 
Gout- The following procedure calculates values for Rc, 
Cc, and CoUt that ensure regulator stability. Be aware that 
this procedure doesn’t necessarily result in Rc and Cq that 
provide optimum compensation. In order to guarantee opti- 
mum compensation, one of the standard procedures for 
testing loop stability must be used, such as measuring Vout 
transient response when pulsing I load ( see Figure 13). 


A. First, calculate the maximum value for Rq 

„ ^ 750 X iLOAD(max) x Vqut 2 

RcS V IN(min) 2 

Select a resistor less than or equal to this value, and it 
should also be no greater than 3 kfl. 

B. Calculate the minimum value for Cout using the following 
two equations. 

^ 0.19 X L X R c X iLOAD(max) 

Cout ^ r, -rr. 5 — L 

V|N(min) X VoUT 

and 

^ V||s]( m j n ) X Rc X (V|N( m j n ) + (3.74 X 10 5 X L)) 

CouT * 487,800 x Vout 3 

The larger of these two values is the minimum value that 
ensures stability. 

C. Calculate the minimum value of Cc 

Q ;> 58 - 5 X V OUT 2 x C OUT 

C R C 2 x V|N(min) 

The compensation capacitor is also part of the soft start 
circuitry. When power to the regulator is turned on, the 
switch duty cycle is allowed to rise at a rate controlled by 
this capacitor (with no control on the duty cycle, it would 
immediately rise to 90%, drawing huge currents from the 
input power supply), in order to operate properly, the soft 
start circuit requires Cc ^ 0.22 jaF. 

The value of the output filter capacitor is normally large 
enough to require the use of aluminum electrolytic capaci- 
tors. Figure 9 lists several different types that are recom- 
mended for switching regulators, and the following parame- 
ters are used to select the proper capacitor. 

Working Voltage (WVDC): Choose a capacitor with a work- 
ing voltage at least 20% higher than the regulator output 
voltage. 

Ripple Current: This is the maximum RMS value of current 
that charges the capacitor during each switching cycle. For 
step-up and flyback regulators, the formula for ripple current 
is 


IRIPPLE(RMS) = 

Choose a capacitor that is rated at least 50% higher than 
this value at 52 kHz. 


Equivalent Series Resistance (ESR)\ This is the primary 
cause of output ripple voltage, and it also affects the values 
of Rc and Cc needed to stabilize the regulator. As a result, 
the preceding calculations for Cc and Rc are only valid if 
ESR doesn’t exceed the maximum value specified by the 
following equations. 


ESR <; 


o.oi x Vqut 


and ^ 


'RIPPLE(P-P) 


8.7 X (10)- 3 X V| N 
•LOAD(max) 


where 


, _ 1.15 X iLOAD(max) 

Ir IPPLE,P-P, T~— D( m ax) 

Select a capacitor with ESR, at 52 kHz, that is less than or 
equal to the lower value calculated. Most electrolytic capac- 
itors specify ESR at 120 Hz which is 15% to 30% higher 
than at 52 kHz. Also, be aware that ESR increases by a 
factor of 2 when operating at -20°C. 
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In general, low values of ESR are achieved by using large 
value capacitors (C k 470 juF), and capacitors with high 
WVDC, or by paralleling smaller-value capacitors. 

3. Output Voltage Selection (R1 and R2) 

This section is for applications using the LM1577-ADJ/ 
LM2577-ADJ. Skip this section if the LM1 577-1 2/LM2577- 
12 or LM1 577-1 5/LM2577-1 5 is being used. 

With the LM1577-ADJ/LM2577-ADJ, the output voltage is 
given by 

Vqut = 1.23 V (1 + R1/R2) 

Resistors R1 and R2 divide the output down so it can be 
compared with the LM1577-ADJ/LM2577-ADJ internal 
1 .23V reference. For a given desired output voltage Vout. 
select R I and R2 so that 

51 = V QUT _ 1 

R2 1.23V 

4. Input Capacitor Selection (Cjn) 

The switching action in the step-up regulator causes a trian- 
gular ripple current to be drawn from the supply source. This 
in turn causes noise to appear on the supply voltage. For 
proper operation of the LM1 577, the input voltage should be 
decoupled. Bypassing the Input Voltage pin directly to 


Cornell Dublier— Types 239, 250, 251, UFT, 300, 
or 350 

P.O. Box 128, Pickens, SC 29671 
(803) 878-6311 

Nichicon— Types PF, PX, or PZ 

927 East Parkway, Schaumburg, I L 60173 
(708) 843-7500 

Sprague— Types 672D, 673D, or 674D 

Box 1 , Sprague Road, Lansing, NC 28643 
(919)384-2551 

United Chemi-Con— Types LX, SXF, or SXj 

9801 West Higgins Road, Rosemont, IL 60018 
(708) 696-2000 

FIGURE 9. Aluminum Electrolytic Capacitors 
Recommended for Switching Regulators 


ground with a good quality, low ESR, 0.1 jmF capacitor 
(leads as short as possible) is normally sufficient. 

If the LM1577 is located far from the supply source filter 
capacitors, an additional large electrolytic capacitor (e.g. 
47 /iF) is often required. 

5. Diode Selection (D) 

The switching diode used in the boost regulator must with- 
stand a reverse voltage equal to the circuit output voltage, 
and must conduct the peak output current of the LM2577. A 
suitable diode must have a minimum reverse breakdown 
voltage greater than the circuit output voltage, and should 
be rated for average and peak current greater than 
iLOAD(max) and Id(PK)- Schottky barrier diodes are often fa- 
vored for use in switching regulators. Their low forward volt- 
age drop allows higher regulator efficiency than if a (less 
expensive) fast recovery diode was used. See Figure 10 for 
recommended part numbers and voltage ratings of 1A and 
3A diodes. 


V 0 UT 

Schottky 

Fast Recovery 

(max) 

1A 

3A 

1A 

3A 

20V 

1N5817 

1N5820 



MBR120P 

MBR320P 




1N5818 

1N5821 



30V 

MBR130P 

MBR330P 




11DQ03 

31DQ03 




1N5819 

1N5822 



40V 

MBR140P 

MBR340P 




11DQ04 

31DQ04 




MBR150 

MBR350 

1N4933 


50V 

11DQ05 

31DQ05 

MUR105 





1N4934 

MR851 

100V 



HER102 

30DL1 



MUR110 

MR831 




10DL1 

HER302 


FIGURE 10. Diode Selection Chart 



3-107 


LM1577/LM2577 Series 




LM1577/LM2577 Series 


Application Hints (Continued) 

BOOST REGULATOR CIRCUIT EXAMPLE 

By adding a few external components (as shown in Figure 
11), the LM2577 can be used to produce a regulated output 
voltage that is greater than the applied input voltage. Typi- 


cal performance of this regulator is shown in Figures 12 and 
13. The switching waveforms observed during the operation 
of this circuit are shown in Figure 14. 



TL/H/1 1468-13 


Note: Pin numbers shown are for TO-220 (T) package. 

FIGURE 11. Step-up Regulator Delivers 12V from a 5V Input 



INPUT VOLTAGE (V) 

TL/H/1 1468-1 4 

FIGURE 12. Line Regulation (Typical) of Step-Up Regulator of Figure 11 


A o 


C 800 mA 


Bl 400 mA 




0 



TL/H/1 1468-15 

FIGURE 13. Load Transient Response of Step-Up 
Regulator of Figure 11 

A: Output Voltage Change, 100 mV/div. (AC-coupled) 

B: Load current, 0.2 A/di v 

Horizontal: 5 ms/div 



TL/H/1 1468-16 

FIGURE 14. Switching Waveforms of Step-Up 
Regulator of Figure 11 

A: Switch pin voltage, 1 0 V/div 

B: Switch pin current, 2 A/div 

C: Inductor current, 2 A/div 

D: Output ripple voltage, 100 mV/div (AC-coupled) 

Horizontal: 5 jus/div 
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FLYBACK REGULATOR 

A Flyback regulator can produce single or multiple output 
voltages that are lower or greater than the input supply volt- 
age. Figure 15 shows the LM1577/LM2577 used as a fly- 
back regulator with positive and negative regulated outputs. 
Its operation is similar to a step-up regulator, except the 
output switch contols the primary current of a flyback trans- 
former. Note that the primary and secondary windings are 
out of phase, so no current flows through secondary when 
current flows through the primary. This allows the primary to 
charge up the transformer core when the switch is on. When 
the switch turns off, the core discharges by sending current 
through the secondary, and this produces voltage at the 
outputs. The output voltages are controlled by adjusting the 
peak primary current, as described in the step-up regulator 
section. 

Voltage and current waveforms for this circuit are shown in 
Figure 16, and formulas for calculating them are given in 
Figure 17. 

FLYBACK REGULATOR DESIGN PROCEDURE 

1. Transformer Selection 

A family of standardized flyback transformers is available for 
creating flyback regulators that produce dual output volt- 
ages, from +10V to ±15V, as shown in Figure 15. Figure 
18 lists these transformers with the input voltage, output 
voltages and maximum load current they are designed for. 

2. Compensation Network (Cc, Rc) and 
Output Capacitor (Cqut) Selection 

As explained in the Step-Up Regulator Design Procedure, 
Cc, Rc and Cout must de se * ected as a group. The follow- 
ing procedure is for a dual output flyback regulator with 
equal turns ratios for each secondary (i.e., both output volt- 
ages have the same magnitude). The equations can be 
used for a single output regulator by changing 2lLOAD(max) 
to !LOAD(max) in the following equations. 

A. First, calculate the maximum value for Rc- 

□ < 750 X 2l|_0AD(max) X (15V + V|N(min)N) 2 
V|N(min) 2 


Where 2l|_0AD(max) is the sum °* the load current (magni- 
tude) required from both outputs. Select a resistor less than 
or equal to this value, and no greater than 3 k ft. 

B. Calculate the minimum value for SCout ( sum of Gout 
at both outputs) using the following two equations. 

^ 0.19 X R c X L P X 2l|_OAD(max) 

C ° UT ^ 15V X V|N(min) 

and 

VlN(min) X R C X N2 X (V| N <min) + 0-74 X 1 Q5 X Lp)) 
0UT 487,800 X (1 5V)2 X (1 5V + V| N(mln ) X N) 

The larger of these two values must be used to ensure regu- 
lator stability. 



DIODE 

CURRENT 



TL/H/1 1468-1 7 

FIGURE 16. Flyback Regulator Waveforms 



TL/H/1 1468-18 

T 1 = Pulse Engineering, PE-65300 
D1, D2 = 1N5821 

FIGURE 15. LM1577-ADJ/LM2577-ADJ Flyback Regulator with ± Outputs 
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Duty Cycle 

D 

VoUT + Vp _ 

N (V| N - Vsat) + Vout + Vp 

VoUT 

N (V IN ) + Vout 

Primary Current 

Variation 

Alp 

d (V| N - Vsat) 

L P X 52,000 

Peak Primary 

Current 

Ip(PK) 

N w SI|_OAD . AI PK 

7 ) X 1 — D 2 

Switch Voltage 
when Off 

VSW(OFF) 

w , V OUT + Vp 

V,N + JJ 

Diode Reverse 

Voltage 

Vr 

Vout + N (V| N ~ Vsat) 

Average Diode 

Current 

■d(AVE) 

•load 

Peak Diode 

Current 

>D(PK) 

•load j a, IND 

1 - D 2 

Short Circuit 

Diode Current 


_ 6A 
~ N 

Power Dissipation 

Of LM1577/LM2577 

Pd 

o. 2 sn ( N f lo d ad ) 2 + 

N IloadD w 

50 (1 - D) V|N 


N = Transformer Turns Ratio = 


number of secondary turns 
number of primary turns 


fj - Transformer Efficiency (typically 0.95) 

2| load = I + | loadI + |-IloadI 

FIGURE 17. Flyback Regulator Formulas 


C. Calculate the minimum value of Cq 

c > 58 ' 5 x Cqut X Vqut X ^ V QUT + ( V IN(min) x N)) 
c Rc 2 X V| N(min) X N 

D. Calculate the maximum ESR of the + Vqut and -Vout 
output capacitors in parallel. 

ESR + II ESR- - 8.7 X 10-3 X V, N(min) X V 0UT X N 
2l|_OAD(max) X (V 0 UT + (V|N(min) x N)) 


This formula can also be used to calculate the maximum 
ESR of a single output regulator. 

At this point, refer to this same section in the Step-Up Reg- 
ulator Design Procedure for more information regarding 
the selection of Cqut- 
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3. Output Voltage Selection 

This section is for applications using the LM1577-ADJ/ 
LM2577-ADJ. Skip this section if the LM1 577-1 2/LM2577- 
12 or LM1 577-1 5/LM2577-1 5 is being used. 

With the LM1 577-ADJ/LM2577-ADJ, the output voltage is 
given by 

V 0 UT = 1.23V (1 + R1/R2) 

Resistors R1 and R2 divide the output voltage down so it 
can be compared with the LM1577-ADJ/LM2577-ADJ inter- 
nal 1.23V reference. For a desired output voltage Vout. 
select R1 and R2 so that 

51 = v OUT _ 1 

R2 1.23V 


4. Diode Selection 


The switching diode in a flyback converter must withstand 
the reverse voltage specified by the following equation. 


v r = Vqut + 


V| N 


A suitable diode must have a reverse voltage rating greater 
than this. In addition it must be rated for more than the 
average and peak diode currents listed in Figure 17. 

5. Input Capacitor Selection 

The primary of a flyback transformer draws discontinuous 
pulses of current from the input supply. As a result, a fly- 


Transformer 

Type 

Input 

Voltage 

Dual 

Output 

Voltage 

Maximum 

Output 

Current 



5V 

+ 10V 

325 mA 

1 

Lp = 100 fiH 

5V 

± 12V 

275 mA 



5V 

± 15V 

225 mA 



10V 

+ 10V 

700 mA 



10V 

± 12V 

575 mA 



10V 

± 15V 

500 mA 

2 

Lp = 200 ju,H 

12V 

±10V 

800 mA 



12V 

± 12V 

700 mA 



12V 

± 15V 

575 mA 



15V 

±10V 

900 mA 

3 

Lp ~ 250 julH 
m — nc 

15V 

±12V 

825 mA 


IN — u.o 

15V 

± 15V 

700 mA 


Transformer 

Type 

Manufacturers’ Part Numbers 

AIE 

Pulse 

Renco 

1 

326-0637 

PE-65300 

RL-2580 

2 

330-0202 

PE-65301 

RL-2581 

3 

330-0203 

PE-65302 

RL-2582 


FIGURE 18. Flyback Transformer Selection Guide 


back regulator generates more noise at the input supply 
than a step-up regulator, and this requires a larger bypass 
capacitor to decouple the LM1577/LM2577 V|n pin from 
this noise. For most applications, a low ESR, 1.0 fiF cap will 
be sufficient, if it is connected very close to the Vin and 
Ground pins. 

In addition to this bypass cap, a larger capacitor 47 julF) 
should be used where the flyback transformer connects to 
the input supply. This will attenuate noise which may inter- 
fere with other circuits connected to the same input supply 
voltage. 

6. Snubber Circuit 

A “snubber” circuit is required when operating from input 
voltages greater than 1 0V, or when using a transformer with 
Lp ^ 200 jaH. This circuit clamps a voltage spike from the 
transformer primary that occurs immediately after the output 
switch turns off. Without it, the switch voltage may exceed 
the 65V maximum rating. As shown in Figure 19, the snub- 
ber consists of a fast recovery diode, and a parallel RC. The 
RC values are selected for switch clamp voltage (Vclamp) 
that is 5V to 1 0V greater than Vsw(OFF)- Use the following 
equations to calculate R and C; 

0.02 X L P X Ip(px) 2 
(VCLAMP) 2 “ (VSW(qfF)) 2 

r ^ / v clamp + Vsw(off) ~ v in \ 2 / 19.2 x io~4 \ 
\ 2 / \ Lp X Ip(PK ) 2 / 

Power dissipation (and power rating) of the resistor is; 
p = ^ Vclamp + Vsw(off) ~ v in j 2 /n 

The fast recovery diode must have a reverse voltage rating 
greater than V C lamp- 



TL/H/1 1468-19 

FIGURE 19. Snubber Circuit 
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FLYBACK REGULATOR CIRCUIT EXAMPLE 

The fcircuit of Figure 20 produces ± 1 5 V (at 225 mA each) 
from a single 5V input. The output regulation of this circuit is 
shown in Figures 21 and 22, while the load transient re- 
sponse is shown in Figures 23 and 24. Switching waveforms 
seen in this circuit are shown in Figure 25. 



TL/H/1 1468-20 

T1 = Pulse Engineering, PE-65300 
D1, D2 = 1N5821 

FIGURE 20. Flyback Regulator Easily Provides Dual Outputs 


15.180 
15.160 
g 15.140 
o 15.120 

hi 

o 15.100 
= 15.080 

Q. 

I— 

o 15.060 
15.040 
15.020 

4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 
INPUT VOLTAGE (V) 

TL/H/1 1468-21 

FIGURE 21. Line Regulation (Typical) of Flyback 
Regulator of Figure 20, + 15V Output 
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TL/H/1 1468-22 

FIGURE 22. Line Regulation (Typical) of Flyback 
Regulator of Figure 20 , - 15V Output 
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TL/H/1 1468-23 

FIGURE 23. Load Transient Response of Flyback 
Regulator of Figure 20, + 15V Output 

A: Output Voltage Change, 100 mV/div 
B: Output Current, 1 00 mA/div 

Horizontal: 10 ms/div 



TL/H/1 1468-24 

FIGURE 24. Load Transient Response of Flyback 
Regulator of Figure 20, - 15V Output 

A: Output Voltage Change, 100 mV/div 
B: Output Current, 100 mA/div 

Horizontal: 10 ms/div 


A 


20 V 
0 


c 


1A 

0 


d( 0 


TL/H/1 1468-25 

FIGURE 25. Switching Waveforms of Flyback Regulator of Figure 20, Each Output Loaded with 60ft 


A: Switch pin voltage, 20 V/div 
B: Primary current, 2 A/div 
C: + 1 5V Secondary current, 1 A/div 
D: + 15V Output ripple voltage, 100 mV/div 

Horizontal: 5 jms/div 




3-113 


LM1577/LM2577 Series 



LM2925 


National Semiconductor 


LM2925 Low Dropout Regulator with Delayed Reset 

General Description 

The LM2925 features a low dropout, high current regulator. 

Also included on-chip is a reset function with an externally 
set delay time. Upon power up, or after the detection of any 
error in the regulated output, the reset pin remains in the 
active low state for the duration of the delay. Types of errors 
detected include any that cause the output to become 
unregulated: low input voltage, thermal shutdown, short cir- 
cuit, input transients, etc. No external pull-up resistor is nec- 
essary. The current charging the delay capacitor is very low, 
allowing long delay times. 

Designed primarily for automotive applications, the LM2925 
and all regulated circuitry are protected from reverse battery 
installations or two-battery jumps. During line transients, 
such as a load dump (60V) when the input voltage to the 
regulator can momentarily exceed the specified maximum 
operating voltage, the 0.75A regulator will automatically 
shut down to protect both internal circuits and the load. The 
LM2925 cannot be harmed by temporary mirror-image in- 
sertion. Familiar regulator features such as short circuit and 
thermal overload protection are also provided. 


Typical Application Circuit 


* Required if regulator is located far from 
power supply filter. 

**Cout must be at least 10 ju,F to maintain 
stability. May be increased without bound 
to maintain regulation during transients. 
Locate as close as possible to the regula- 
tor. This capacitor must be rated over the 
same operating temperature range as the 
regulator. The equivalent series resist- 
ance (ESR) of this capacitor is critical; 
see curve. 

TL/H/5268-1 

FIGURE 1. Test and Application Circuit 


V|N 



Features 

■ 5V, 750 mA output 

■ Externally set delay for reset 

■ Input-output differential less than 0.6V at 0.5A 

■ Reverse battery protection 

■ 60V load dump protection 

■ — 50V reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ Available in plastic TO-220 

■ Long delay times available 

■ P+ Product Enhancement tested 



Connection Diagram 

TO-220 5-Lead 


5 5 RESET OUTPUT 
5 4 DELAY 
} 3 GROUND 

3 2 OUTPUT VOLTAGE (Vout) 
5 1 INPUT VOLTAGE (Vin) 

FRONT VIEW 

Order Number LM2925T 
See NS Package Number T05A 


O 


TL/H/5268-2 


3-114 






Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage 

Operating Range 26 V 

Overvoltage Protection 60V 

Internal Power Dissipation (Note 1) Internally Limited 


Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 

ESD rating is to be determined 


— 40°C to + 125°C 
150°C 

— 65°C to + 150°C 
260°C 


Electrical Characteristics for Vqut 


Vin = 14V, C2 = 10 jLtf, I o = 500 mA, Tj = 25°C (Note 3) (unless otherwise specified) 


Parameter 

Conditions 

Min 

1 T yp 

Max | 

Units 

Note 2 

Output Voltage 

6 V<; Vim <: 26V, l 0 <; 500 mA, 
-40°C^ Tj ^ +125°C 

1 

4.75 

5.00 

5.25 

V 

Line Regulation 

9V <: V| N ^ 16V, lo = 5 mA 


4 

25 

mV 


6 V ^ V| N ^ 26V, l 0 = 5 mA 


10 

50 

mV 

Load Regulation 

5 mA ^ lo ^ 500 mA 


10 

50 

mV 

Output Impedance 

500 mApc and 10 mArms, 

100 Hz-10 kHz 


200 


mn 

Quiescent Current 

lo ^ 10 mA 


3 


mA 


Iq = 500 mA 


40 

100 

mA 


Iq = 750 mA 


90 


mA 

Output Noise Voltage 

10 Hz-100 kHz 


100 


juA/rms 

Long Term Stability 



20 


mV/ 1000 hr 

Ripple Rejection 

f 0 = 120 Hz 


66 


dB 

Dropout Voltage 

Iq= 500 mA 


0.45 

0.6 

V 


Iq = 750 mA 


0.82 


V 

Current Limit 


0.75 

1.2 


A 

Maximum Operational 

Input Voltage 


26 

31 


V 

Maximum Line Transient 

V 0 ^ 5.5V 

60 

70 


V 

Reverse Polarity Input 
Voltage, DC 

V 0 ^ - 0 . 6 V, 1011 Load 

-15 

-30 


V 

Reverse Polarity Input 

1 % Duty Cycle, r ^ 1 00 ms, 

-50 

-80 


V 

Voltage, Transient 

1 0ft Load 






Electrical Characteristics for Reset Output 


Vin = 14V, C3 = 0.1 ju-F, Ta = 25°C (Note 3) (unless otherwise specified) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Note 2 

Reset Voltage 






Output Low 

IsiNK = 1*6 mA, Vin = 35V 


0.3 

0.6 

V 

Output High 

■source = 0 

4.5 

5.0 

5.5 

V 

Reset Internal Pull-up Resistor 



30 


kn 

Reset Output Current Limit 

VrESET = 1-2 V 


5 


mA 

Vqut Threshold 



4.5 


V 

Delay Time 

C 3 = .005 /x F 


12 


ms 


C 3 = 0.1 juF 

150 

250 

300 

ms 


C 3 = 4.7 juF tantalum 


12 


s 

Delay Current 

Pin 4 

1.2 

1.95 

2.5 

jxA 


Note 1: Thermal resistance without a heat sink for junction to case temperature is 3°C/W (TO-220). Thermal resistance for TO-220 case to ambient temperature is 
50°C/W. 

Note 2: These parameters are guaranteed and 100% production tested. 

Note 3: To ensure constant junction temperature, low duty cycle pulse testing is used. 



3-115 


LM2925 




LM2925 


Typical Circuit Waveforms 



CIRCUIT 


TL/H/5268-3 

FIGURE 2 


Typical Performance Characteristics 


Reset Voltage 



JUNCTION TEMPERATURE (°C) 


TL/H/5268-4 


Reset Voltage 



0 1 2 3 4 5 6 

RESET CURRENT (mA) 

TL/H/5268-5 


Delay Time 



10~ 4 10~ 3 10~ 2 10 _1 1 10 100 
DELAY CAPACITOR (/xF) 

TL/H/5268-6 


Reset Voltage 



0 1 2 3 4 5 6 

INPUT VOLTAGE (V) 

TL/H/5268-7 


Delay Time 



-40 0 40 80 120 160 

JUNCTION TEMPERATURE (°C) 

TL/H/5268-8 


Reset Pull-up 



-40 0 40 80 120 160 

JUNCTION TEMPERATURE (°C) 

TL/H/5268-9 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: The part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
ouput voltage for a thermal variation from room temperature 
to either temperature extreme. 


Application Hints 

EXTERNAL CAPACITORS 

The LM2925 output capacitor is required for stability. With- 
out it, the regulator output will oscillate, sometimes by many 
volts. Though the 10 ju,F shown is the minimum recommend- 
ed value, actual size and type may vary depending upon the 
application load and temperature range. Capacitor effective 
series resistance (ESR) also effects the 1C stability. Since 
ESR varies from one brand to the next, some bench work 
may be required to determine the minimum capacitor value 
to use in production. Worst-case is usually determined at 
the minimum junction and ambient temperature and maxi- 
mum load expected. 

Output capacitors can be increased in size to any desired 
value above the minimum. One possible purpose of this 
would be to maintain the output voltages during brief condi- 
tions of negative input transients that might be characteris- 
tic of a particular system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum type electrolytics 
will freeze at temperatures less than -30°C, reducing their 
effective capacitance to zero. To maintain regulator stability 
down to -40°C, capacitors rated at that temperature (such 
as tantalums) must be used. 

RESET OUTPUT 

The range of values for the delay capacitor is limited only by 
stray capacitances on the lower extreme and capacitance 
leakage on the other. Thus, delay times from microseconds 
to seconds are possible. The low charging current, typically 
2.0 microamps, allows the use of small, inexpensive disc 
capacitors for the nominal range of 1 00 to 500 milliseconds. 
This is the time required in many microprocessor systems 
for the clock oscillator to stabilize when initially powered up. 
The RESET output of the regulator will thus prevent errone- 
ous data and/or timing functions to occur during this part of 
operation. The same delay is incorporated after any other 
fault condition in the regulator output is corrected. 
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LM2926/LM2927 



National Semiconductor 


LM2926/LM2927 

Low Dropout Regulator with Delayed Reset 


General Description 

The LM2926 is a 5V, 500 mA, low dropout regulator with 
delayed reset. The microprocessor reset flag is set low by 
thermal shutdown, short circuits, overvoltage conditions, 
dropout, and power-up. After the fault condition is corrected, 
the reset flag remains low for a delay time determined by 
the delay capacitor. Hysteresis is included in the reset cir- 
cuit to prevent oscillations, and a reset output is guaranteed 
down to 3.2 V supply input. A latching comparator is used to 
discharge the delay capacitor, which guarantees a full reset 
pulse even when triggered by a relatively short fault condi- 
tion. A patented quiescent current reduction circuit drops 
the ground pin current to 8 mA at full load when the input- 
output differential is 3V or more. 

Familiar PNP regulator features such as reverse battery pro- 
tection, transient protection, and overvoltage shutdown are 
included in the LM2926 making it suitable for use in automo- 
tive and battery operated equipment. 

The LM2927 is electrically identical to the LM2926 but has a 
different pin-out. The LM2927 is pin-for-pin compatible with 


the L4947 and TLE4260 alternatives. The LM2926 is pin- 
for-pin compatible with the LM2925. 

Features 

■ 5% output accuracy over entire operating range 

■ Dropout voltage typically 350 mV at 500 mA output 

■ Externally programmed reset delay 

■ Short circuit proof 

■ Reverse battery proof 

■ Thermally protected 

■ LM2926 is pin-for-pin compatible with the LM2925 

■ P+ Product Enhancement tested 

Applications 

■ Battery operated equipment 

■ Microprocessor-based systems 

■ Portable instruments 


Typical Application 


'Required if regulator is located far (>2") from power supply filter. 

**C 0 must be at least 10 /xF to maintain stability. May be increased without 
bound to maintain regulation during transients. Locate as close as possible 
to the regulator. This capacitor msut be rated over the same operating tem- 
perature range as the regulator. The equivalent series resistance (ESR) of 
this capacitor is critical; see curve under Typical Performance Character- 
istics. 


Unregulated 

Input 



Connection Diagrams and Ordering Information 


5-Lead TO-220 


Front View 

Order Number LM2926T 
See NS Package Number T05A 



5 DELAYED RESET OUTPUT 
4 DELAY CAPACITOR 
3 GROUND 

2 OUTPUT VOLTAGE (V 0 ) 

1 INPUT VOLTAGE (V, N ) 

TL/H/ 10759-2 


5-Lead TO-220 


Front View 

Order Number LM2927T 
See NS Package Number T05A 



5 OUTPUT VOLTAGE (V 0 ) 

4 DELAY CAPACITOR 
3 GROUND 

2 DELAYED RESET OUTPUT 
1 INPUT VOLTAGE (V, N ) 

TL/H/10759-14 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage 
Survival 

t = 100 ms 80V 

t = 1 ms -50V 

Continuous - 1 8V to + 26V 

Reset Output Sink Current 1 0 mA 


ESD Susceptibility (Note 2) 

Power Dissipation (Note 3) 

Junction Temperature (Tjmax) 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec.) 

Operating Ratings (Note d 

Junction Temperature Range (Tj) 
Maximum Input Voltage 


Internally Limited 
150°C 

— 40°C to + 1 50°C 
260°C 


— 40°C to + 1 25°C 
26V 


Electrical Characteristics Vin = 14.4V, Cq = 10 jaF, -40°C ^ Tj ^ 125°C, unless otherwise specified. 


REGULATOR OUTPUT 

Output Voltage 


Conditions 


5 mA ^ Iq ^ 500 mA, 
Tj = 25°C 


Typ Limit 
(Note 4) (Note 5) 


5 mA ^ Iq ^ 500 mA 


Line Regulation 


Load Regulation 


Quiescent Current 


Quiescent Current at Low Vin 


Dropout Voltage (Note 6) 


Short Circuit Current 


Ripple Rejection /ripple = 


Output Impedance 


Output Noise 1 0 Hz to 1 0' 

Long Term Stability 

Maximum Operational Input Voltage Continuous 


l 0 = 5 mA, 9V ^ V tN <; 16V 
l 0 = 5 mA, 7V ^ V| N ^ 26V 
5 mA ^ Iq ^ 500 mA 
\q = 5 mA 
Iq = 500 mA 
l 0 = 5 mA, V| N = 5V 
l 0 = 500 mA, V| N = 6V 


l 0 = 5 mA, Tj = 25°C 
Iq = 5 mA 

l 0 = 500 mA, Tj = 25°C 

Iq = 500 mA 
V| N = 8V, r l = m 

/RIPPLE = 120 Hz, Vrippl£ = 1 Vrms, Iq = 50 mA 


Iq = 50 mAdc and 10 mArms @ 1 kHz 
10 Hz to 100 kHz, l 0 = 50 mA 


mV 

mV (max) 
mV 

mV (max) 
mV 

mV (max) 
mA 

mA (max) 
mA 

mA (max) 
mA 

mA (max) 
mA 

mA (max) 


mV 

mV (max) 
mV (max) 
mV 

mV (max) 
mV (max) 

mA (min) 
A 

A (max) 
dB (min) 
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Electrical Characteristics 

V|n == 14.4V, Cq = 10 jaF, -40°C ^ Tj ^ 125°C, unless otherwise specified (Continued) 

Parameter 

Conditions 




REGULATOR OUTPUT (Continued) 

Peak Transient Input Voltage 

V 0 ^ 7V, R l = 100(1, tf = 100 ms 


80 


Reverse DC Input Voltage 

V 0 ^ -0.6V, R l = 100(1 


-18 

V (min) 

Reverse Transient Input Voltage 

t r = 1 ms, R[_ = 100(1 


-50 

H9B9H 

RESET OUTPUT 

Threshold 

AVo Required for Reset Condition (Note 7) 

-250 

-80 

-400 

mV (min) 
mV 

mV (max) 

Output Low Voltage 

ISINK = 1.6 mA, V, N = 3.2V 



V (max) 

Internal Pull-Up Resistance 


30 


k(l 

Delay Time 

Odelay — 10 nF (See Timing Curve) 

19 


ms 

Minimum Operational Vin 
on Power Up 

Delayed Reset Output ^ 0.8V, 

Isink — 1-6 mA, R[_ = 100(1 



V 

V (min) 

Minimum Operational Vq 
on Power Down 

Delay Reset Output ^ 0.8V, 

Isink = 10 /xA, V| N = 0V 

0.7 


V 

DELAY CAPACITOR PIN 

Threshold Difference (AVdelay) 

Change in Delay Capacitor Voltage Required for 
Reset Output to Return High 

3.75 

3.5 

4.1 

V (min) 

V 

V (max) 

Charging Current Odelay) 


2.0 

1.0 

3.0 

jit A (min) 
juA 

julA (max) 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is 
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 

Note 2: Human body model; 100 pF discharged through a 1.5 kn resistor. 

Note 3: The maximum power dissipation is a function of Tjmax. and 0 ja> and t a> and is limited by thermal shutdown. The maximum allowable power dissipation at 
any ambient temperature is Pq = (Tjmax - Ta)/0ja- If this dissipation is exceeded, the die temperature will rise above 150°C and the device will go into thermal 
shutdown. For the LM2926 and LM2927, the junction-to-ambient thermal resistance is 53°C/W, and the junction-to-case thermal resistance is 3°C/W. 

Note 4: Typicals are at Tj = 25°C and represent the most likely parametric norm. 

Note 5: Limits are 100% guaranteed by production testing. 

Note 6: Dropout voltage is the input-output differential at which the circuit ceases to regulate against any further reduction in input voltage. Dropout voltage is 
measured when the output voltage (Vq) has dropped 100 mV from the nominal value measured at Vin = 14.4V. 

Note 7: The reset flag is set LOW when the output voltage has dropped an amount, A Vq, from the nominal value measured at Vin = 14.4V. 
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T VOLTAGE (V) SUPPLY CURRENT (mA) 


Typical Performance Characteristics 


Output Voltage 



-50 -25 0 25 50 75 100 125 

JUNCTION TEMPERATURE, Tj (?C) 


Low Voltage Behavior 



0 12 3 4 5 6 7 

INPUT VOLTAGE (V) 


Output at Voltage Extremes 

I R, =ioon I I I | I 


-40 -20 0 20 40 

INPUT VOLTAGE (V) 


Supply Current 

0 I R, =5000 I I 



-40 -20 0 20 40 

INPUT VOLTAGE (V) 


Quiescent Current 

0 1 — i — 1 — 1 — i — i — i — i — 

l L = 500 mA 


Quiescent Current 



0 1 2 3 4 5 6 7 1 

INPUT VOLTAGE (V) 














T = 25° 

j\ 
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T = 125°C 
1 
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OUTPUT CURRENT (mA) 


Dropout Voltage 



















■T c = 125«^p^ 
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Output Current Limit 

3 
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Typical Performance Characteristics (Continued) 


Line Transient Response 


Load Transient Response 
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Typical Circuit Waveforms 
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Applications Information 

EXTERNAL CAPACITORS 

The LM2926/7 output capacitor is required for stability. 
Without it, the regulator output will oscillate at amplitudes as 
high as several volts peak-to-peak at frequencies up to 
500 kHz. Although 10 jaF is the minimum recommended 
value, the actual size and type may vary depending upon 
the application load and temperature range. Capacitor 
equivalent series resistance (ESR) also affects stability. The 
region of stable operation is shown in the Typical Perform- 
ance Characteristics (Output Capacitor ESR curve). 
Output capacitors can be increased in size to any desired 
value above 10 jaF. One possible purpose of this would be 
to maintain the output voltage during brief conditions of in- 
put transients that might be characteristic of a particular 
system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum electrolytics freeze 
at temperatures below ~30°C, reducing their effective ca- 
pacitance to zero. To maintain regulator stability down to 
— 40°C, capacitors rated at that temperature (such as tanta- 
lums) must be used. 


DELAYED RESET 


The delayed reset output is designed to hold a microproces- 
sor in a reset state on system power-up for a programmable 
time interval to allow the system clock and other powered 
circuitry to stabilize. A full reset interval is also generated 
whenever the output voltage falls out of regulation. The cir- 
cuit is tripped whenever the output voltage of the regulator 
is out of regulation by the Reset Threshold value. This can 
be caused by low input voltages, over current conditions, 
over-voltage shutdown, thermal shutdown, and by both 
power-up and power-down sequences. When the reset cir- 
cuit detects one of these conditions, the delay capacitor is 
discharged by an SCR and held in a discharged state by a 
saturated NPN switch. As long as the delay capacitor is held 
low, the reset output is also held low. Because of the action 
of the SCR, the reset output cannot glitch on noise or tran- 
sient fault conditions. A full reset pulse is obtained for any 
fault condition that trips the reset circuit. 


When the output regains regulation, the SCR is switched off 
and a small current (Idelay = 2 p>A) begins charging the 
delay capacitor. When the capacitor voltage increases 
3.75V (AVdelay) from its discharged value, the reset output 
is again set HIGH. The delay time is calculated by: 


or 


delay time = 


Cdelay AVdelay 
Idelay 


(i) 


delay time ~ 1.9 X 106 Cdelay (2) 

The constant, 1.9 X 1 0 6 , has a ±20% tolerance from de- 
vice to device. The total delay time error budget is the sum 
of the 20% device tolerance and the tolerance of the exter- 
nal capacitor. For a 20% timing capacitor tolerance, the 
worst case total timing variation would amount to ±40%, or 
a ratio of 2.33:1 . In most applications the minimum expected 
reset pulse is of interest. This occurs with minimum Cdelay. 
minimum AVdelay. anc l maximum Idelay- AVdelay and 
•delay are fu Hy specified in the Electrical Characteristics. 
Graphs showing the relationship between delay time and 
both temperature and Cdelay are shown in the Typical 
Performance Characteristics. 


As shown in Figure 1, the delayed reset output is pulled low 
by an NPN transistor (Q2), and pulled high to Vq by an 
internal 30 kfl resistor (R3) and PNP transistor (Q3). The 
reset output will operate when Vo is sufficient to bias Q2 
(0.7V or more). At lower voltages the reset output will be in a 
high impedance condition. Because of differences in the 
Vbe of Q2 and Q3 and the values of R1 and R2, Q2 is 
guaranteed by design to bias before Q3, providing a smooth 
transition from the high impedance state when Vq < 0.7V, 
to the active low state when Vq > 0.7V. 



The static reset characteristics are shown in Figure 2. This 
shows the relationship between the input voltage, the regul- 
tor output and reset output. Plots are shown for various ex- 
ternal pull-up resistors ranging in value from 3 kfl to an 
open circuit. Any external pull-up resistance causes the re- 
set output to follow the regulator output until Q2 is biased 
ON. Cdelay has no effect on this characteristic. 




0 200 400 600 800 1000 1200 1400 


TIME 0*s) 


TL/H/1 0759-7 

FIGURE 2. Reset Output Behavior during Power-Up 


Figure 2 is useful for determing reset performance at any 
particular input voltage. Dynamic performance at power-up 
will closely follow the characteristics illustrated in Figure 2, 
except for the delay added by Cdelay when v o reaches 5V. 
The dynamic reset characteristics at power-down are illus- 
trated by the curve shown in Figure 3. At time t = 0 the input 
voltage is instantaneously brought to 0V, leaving the output 
powered by Cq. As the voltage on Cq decays (discharged 
by a 1 0Ofl load resistor), the reset output is held low. As Vq 
drops below 0.7V, the reset rises up slightly should there be 
any external pull-up resistance. With no external resistance, 
the reset line stays low throughout the entire power down 
cycle. If the input voltage does not fall instantaneously, the 
reset signal will tend to follow the performance characteris- 
tics shown in Figure 2. 
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Applications Information (Continued) 

SYSTEM DESIGN CONSIDERATIONS 

Many microprocessors are specified for operation at 5V 
±10%, although they often continue operating well outside 
this range. Others, such as certain members of the COPS 
family of microcontrollers, are specified for operation as low 
as 2.4V. 


R L = 100ft 
_C 0 = 10^F 


Battery Powered Regulator with Flashing 
LED for Low Battery Indication 


— 

V|N 
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VquT 5V/500 mA 


0 500 1000 1500 2000 2500 3000 

TIME (/xs) 
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FIGURE 3. Reset Output Behavior during Power-Down 

Of particular concern is low voltage operation, which occurs 
in battery operated systems when the battery reaches the 
end of its discharge cycle. Under this condition, when the 
supply voltage is outside the guaranteed operating range, 
the clock may continue to run and the microprocessor will 
attempt to execute instructions. If the supply voltage is out- 
side the guaranteed operating range, the instructions may 
not execute properly and a hardware reset such as is sup- 
plied by the LM 2926/7 may fail to bring the processor un- 
der control. The LM2926/7 reset output may be more effi- 
ciently employed in certain applications as a means of de- 
feating memory WRITE lines, clocks, or external loads, rath- 
er than depending on unspecified microprocessor operating 
conditions. 

In critical applications the microprocessor reset input should 
be fully characterized and guaranteed to operate until the 
clock ceases oscillating. 

INPUT TRANSIENTS 

The LM2926/7 are guaranteed to withstand positive input 
transients to 80V followed by an exponential decay of 
r = 20 ms (tf = 100 ms, or 5 time constants) while main- 
taining an output of less than 7V. The regulator remains 
operational to 26 Vpc. and shuts down if this value is ex- 
ceeded. 



General Microprocessor Configuration 

t~L 
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National Semiconductor 


LM2931 Series Low Dropout Regulators 


General Description 

The LM2931 positive voltage regulator features a very low 
quiescent current of 1 mA or less when supplying 1 0 mA 
loads. This unique characteristic and the extremely low in- 
put-output differential required for proper regulation (0.2V 
for output currents of 10 mA) make the LM2931 the ideal 
regulator for standby power systems. Applications include 
memory standby circuits, CMOS and other low power proc- 
essor power supplies as well as systems demanding as 
much as 1 00 mA of output current. 

Designed originally for automotive applications, the LM2931 
and all regulated circuitry are protected from reverse battery 
installations or 2 battery jumps. During line transients, such 
as a load dump (60V) when the input voltage to the regula- 
tor can momentarily exceed the specified maximum operat- 
ing voltage, the regulator will automatically shut down to 
protect both internal circuits and the load. The LM2931 can- 
not be harmed by temporary mirror-image insertion. Familiar 
regulator features such as short circuit and thermal overload 
protection are also provided. 

The LM2931 family includes a fixed 5V output (±3.8% toler- 
ance for A grade) or an adjustable output with ON/OFF pin. 
Both versions are available in a TO-220 power package, 
TO-263 surface mount package, and an 8-lead surface 
mount package. The fixed output version is also available in 
the TO-92 plastic package. 


Features 

■ Very low quiescent current 

■ Output current in excess of 1 00 mA 

■ Input-output differential less than 0.6V 

■ Reverse battery protection 

■ 60V load dump protection 

■ - 50V reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ Mirror-image insertion protection 

■ Available in TO-220, TO-92, TO-263 or SO-8 packages 

■ Available as adjustable with TTL compatible switch 


Output Voltage Options 


Output 

Number 

Part Number 

Package 

Type 

5V 

LM2931T-5.0, LM2931AT-5.0 

3-Lead TO-220 

LM2931S-5.0, LM2931AS-5.0 

3-Lead TO-263 

LM2931Z-5.0, LM2931AZ-5.0 

TO-92 

LM2931M-5.0, LM2931 AM-5.0 

8-Lead SO 

Adjustable, 
3 V to 24V 

LM2931CT 

5-Lead TO-220 

LM2931CS 

5-Lead TO-263 

LM2931CM 

8-Lead SO 


Typical Applications 


LM2931 Fixed Output 



‘Required if regulator is located far from power supply filter. 


**C2 must be at least 100 ju,F to maintain stability. May be increased without 
bound to maintain regulation during transients. Locate as close as possible 
to the regulator. This capacitor must be rated over the same operating tem- 
perature range as the regulator. The equivalent series resistance (ESR) of 
this capacitor is critical; see curve. 


LM2931 Adjustable Output 

V CC 



Note: Using 27k for R1 will automatically compensate for errors in Vout due 
to the input bias current of the ADJ pin (approximately 1 jaA). 
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Connection Diagrams and Ordering Information 

FIXED 5V OUTPUT 


TO-220 3-Lead Power Package 


OUT 



TL/H/5254-6 

Front View 

Order Number LM2931T-5.0 or LM2931AT-5.0 
See NS Package Number T03B 


TO-263 Surface-Mount Package 

3 OUTPUT 
3 GND 


TAB IS 
GND 


3 INPUT 


TL/H/5254-1 1 


Top View 



Side View 


Order Number LM2931S-5.0 or LM2931AS-5.0 
See NS Package Number TS3B 


8-Pin Surface Mount 
1 — IN 


OUT- 

1 • 

~ 

GND — 

2 

7 

GND — 

3 

6 

NC*- 

4 

5 


-GND 
— GND 
5 — NC* 


*NC = Not internally connected 

Top View 

Order Number LM2931M-5.0 or LM2931 AM-5.0 
See NS Package Number M08A 


ADJUSTABLE OUTPUT VOLTAGE 


TO-220 5-Lead Power Package 



OUT 

IN 

GND 

ON/OFF 

ADJUST 


TL/H/5254-9 


Front View 

Order Number LM2931CT 
See NS Package Number T05A 


TO-92 Plastic Package 

OUT\/— — \ /IN 



GND 


Bottom View 


TL/H/5254-8 


Order Number LM2931Z-5.0 or LM2931AZ-5.0 
See NS Package Number Z03A 


TO-263 

5-Lead Surface-Mount Package 



TL/H/5254-1 3 


Top View 
rf ""H u 
Side View 


TL/H/5254-1 4 


Order Number LM2931CS 
See NS Package Number TS5B 


8-Pin Surface Mount 


OUT- 

1 • 

8* 

— IN 

GND — 

2 

7 

— GND 

GND — 

3 

6 

— GND 

ADJ- 

4 

5 

- ON/OFF 


TL/H/5254-1 0 


Top View 

Order Number LM2931CM 
See NS Package Number M08A 
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LM2931 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

Operating Range 26V 

Overvoltage Protection 

LM2931A, LM2931CT, LM2931CS Adjustable 60V 

LM2931 50V 


Internal Power Dissipation 

(Notes 1 and 3) Internally Limited 

Operating Ambient T emperature Range — 40°C to + 85°C 
Maximum Junction Temperature 125°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead Temp. (Soldering, 10 seconds) 230°C 

ESD Tolerance (Note 4) 2000V 


Electrical Characteristics for Fixed 5V Version 

Vin = 14V, Iq = 10 mA, Tj = 25°C, C2 = 100 /xF (unless otherwise specified) (Note 1) 




LM2931A-5.0 

LM2931-5.0 

Units 

Limit 

Parameter 

Conditions 

Typ 

Limit 
(Note 2) 

Typ 

Limit 
(Note 2) 

Output Voltage 


5 

5.19 


5.25 

VmAX 




4.81 


4.75 

VmIN 


6.0V ^ V| N ^ 26V, l 0 = 100 mA 


5.25 


5.5 

V MAX 


— 40°C ^ Tj ^ 125°C 


4.75 


4.5 

Vmin 

Line Regulation 

9V ^ V| N <; 16V 

2 

10 

2 

10 

mV MA x 


6V ^ v iN <; 26 V 

4 

30 

4 

30 

mV MA x 

Load Regulation 

5 mA ^ Jo ^ 100 mA 

14 

50 

14 

50 

mV M AX 

Output Impedance 

1 00 mAoc and 1 0 mA rms , 

100 Hz-10 kHz 

200 


200 


mn M AX 

Quiescent Current 

l 0 ^ 10 mA, 6V <; V| N ^ 26V 
— 40°C ^ Tj ^ 125°C 

0.4 

1.0 

0.4 

1.0 

mAMAX 


l 0 = 100 mA, V| N = 14V, Tj = 25°C 

15 

30 

15 


itiAmax 



5 



itiAmin 

Output Noise Voltage 

10 Hz- 100 kHz, Cqut = 100 ju-F 

500 


500 


^ v rms M AX 

Long Term Stability 


20 


20 


mV/ 1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

80 

55 

80 


dB M iN 

Dropout Voltage 

Iq = 10 mA 

0.05 

0.2 

0.05 

0.2 

Vmax 


Iq = 100 m A 

0.3 

0.6 

0.3 

0.6 

V MAX 

Maximum Operational 


33 


33 


Vmax 

Input Voltage 



26 


26 

Vmin 

Maximum Line Transient 

R l = 500 Cl, Vq ^ 5.5V, 

T = 1 ms, r ^ 100 ms 

70 

60 

70 

50 

Vmin 

Reverse Polarity Input 
Voltage, DC 

V 0 ^ -0.3V, R l = 500H 

-30 

-15 

-30 

-15 

Vmin 

Reverse Polarity Input 
Voltage, Transient 

T = 1 ms, r ^ 100 ms, Rl = 500fl 

-80 

-50 

-80 

-50 

Vmin 


Note 1: See circuit in Typical Applications. To ensure constant junction temperature, low duty cycle pulse testing is used. 

Note 2: All limits are guaranteed for Tj = 25°C (standard type face) or over the full operating junction temperature range of -40°C to + 1 25°C (bold type face). 
Note 3: The maximum power dissipation is a function of maximum junction temperature Tj max , total thermal resistance 0ja, and ambient temperature Ta- The 
maximum allowable power dissipation at any ambient temperature is Pq = (Tj max - Ta)/0ja- If this dissipation is exceeded, the die temperature will rise above 
150°C and the LM2931 will go into thermal shutdown. For the LM2931 in the TO-92 package, 0ja is 195°C/W; in the SO-8 package, 0ja is 160°C/W, and in the TO- 
220 package, 0 ja is 50°C/W; and in the TO-263 package, 0 ja is 73°C/W. If the TO-220 package is used with a heat sink, 0 ja is the sum of the package thermal 
resistance junction-to-case of 3°C/W and the thermal resistance added by the heat sink and thermal interface. 

If the TO-263 package is used, the thermal resistance can be reduced by increasing the P.C. board copper area thermally connected to the package: Using 0.5 
square inches of copper area, 0ja is 50°C/W; with 1 square inch of copper area, 0ja is 37°C/W; and with 1 .6 or more square inches of copper area, 0ja is 32°C/W. 
Note 4: Human body model, 100 pF discharged through 1.5 kiT. 
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Electrical Characteristics for Adjustable Version 

Vin = 14V, Vqut = 3V, Iq = 10 mA, Tj = 25°C, R1 = 27k, C2 = 100 /aF (unless otherwise specified) (Note 1) 


Parameter 

Conditions 

Typ 

Limit 

Units 

Limit 

Reference Voltage 


1.20 

1.26 

V MAX 




1.14 

V MIN 


l 0 ^ 100 mA, — 40°C <; Tj £ 125°C, R1 = 27k 


1.32 

V MAX 


Measured from Vqut to Adjust Pin 


1.08 

VMIN 

Output Voltage Range 



24 

V MAX 




3 

Vmin 

Line Regulation 

Vqut + o.6V <; v 1N <; 26V 

0.2 

1.5 

mV/V MAX 

Load Regulation 

5 mA ^ lo ^ 100 mA 

0.3 

1 

% MAX 

Output Impedance 

100 mA D c and 10 mA rms , 100 Hz- 10 kHz 

40 


mn/v 

Quiescent Current 

Iq = 10 mA 

0.4 

1 

mA M AX 


Iq = 100 mA 

15 


mA 


During Shutdown R|_ = 500H 

0.8 

1 

mAMAX 

Output Noise Voltage 

10 Hz- 100 kHz 

100 


I^V rms /V 

Long Term Stability 


0.4 


%/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

0.02 


%/V 

Dropout Voltage 

Iq ^ 10 mA 

0.05 

0.2 

V MAX 


Iq = 100 mA 

0.3 

0.6 

V MAX 

Maximum Operational Input 
Voltage 


33 

26 

V MIN 

Maximum Line Transient 

Iq = 10 mA, Reference Voltage ^ 1.5V 

T = 1 ms, r ^ 100 ms 

70 

60 

Vmin 

Reverse Polarity Input 

Voltage, DC 

V 0 ^ -0.3V, R L = soon 

-30 

-15 

Vmin 

Reverse Polarity Input 

Voltage, Transient 

T = 1 ms, r < 100 ms, R|_ = 500H 

-80 

-50 

Vmin 

On/Off Threshold Voltage 

> 

CO 

II 

>° 




On 


2.0 

1.2 

Vmax 

Off 


2.2 

3.25 

Vmin 

On/Off Threshold Current 


20 

50 

^a M ax 
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Quiescent Current (mA) Output Current (mA) Output Vbltage (V) Input Output Differential (V) 










Typical Performance Characteristics 



I 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 

Maximum Power Dissipation 



0 10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURE (°C) 

Maximum Power Dissipation 
(TO-263) (See Note 3) 



10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE (°C) 


Operation During Load 
Dump 



TIME (ms) 

Maximum Power Dissipation 
(TO-220) 



5 


0 10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE (°C) 



6 9 12 15 18 21 24 

OUTPUT VOLTAGE (V) 



0 3 6 9 12 15 18 21 24 

OUTPUT VOLTAGE (V) 

Maximum Power Dissipation 



0 10 20 30 40 50 60 70 80 90 

AMBIENT TEMPERATURE (°C) 


Output Capacitor ESR 





V°-5' 

100 mF 




° 







s 

\w 





^v.v 

STABLE 

REGION 

v\w 


J 

1 1 1 1 1 


OUTPUT CURRENT (mA) 
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Application Hints 

One of the distinguishing factors of the LM2931 series regu- 
lators is the requirement of an output capacitor for device 
stability. The value required varies greatly depending upon 
the application circuit and other factors. Thus some com- 
ments on the characteristics of both capacitors and the reg- 
ulator are in order. 

High frequency characteristics of electrolytic capacitors de- 
pend greatly on the type and even the manufacturer. As a 
result, a value of capacitance that works well with the 
LM2931 for one brand or type may not necessary be suffi- 
cient with an electrolytic of different origin. Sometimes actu- 
al bench testing, as described later, will be the only means 
to determine the proper capacitor type and value. Experi- 
ence has shown that, as a rule of thumb, the more expen- 
sive and higher quality electrolytics generally allow a smaller 
value for regulator stability. As an example, while a high- 
quality 100 juF aluminum electrolytic covers all general ap- 
plication circuits, similar stability can be obtained with a tan- 
talum electrolytic of only 47 jwF. This factor of two can gen- 
erally be applied to any special application circuit also. 
Another critical characteristic of electrolytics is their per- 
formance over temperature. While the LM2931 is designed 
to operate to — 40°C, the same is not always true with all 
electrolytics (hot is generally not a problem). The electrolyte 
in many aluminum types will freeze around — 30°C, reducing 
their effective value to zero. Since the capacitance is need- 
ed for regulator stability, the natural result is oscillation (and 
lots of it) at the regulator output. For all application circuits 
where cold operation is necessary, the output capacitor 
must be rated to operate at the minimum temperature. By 
coincidence, worst-case stability for the LM2931 also oc- 
curs at minimum temperatures. As a result, in applications 
where the regulator junction temperature will never be less 
than 25°C, the output capacitor can be reduced approxi- 
mately by a factor of two over the value needed for the 
entire temperature range. To continue our example with the 
tantalum electrolytic, a value of only 22 jwF would probably 
thus suffice. For high-quality aluminum, 47 jutF would be ad- 
equate in such an application. 

Another regulator characteristic that is noteworthy is that 
stability decreases with higher output currents. This sensible 
fact has important connotations. In many applications, the 
LM2931 is operated at only a few milliamps of output cur- 
rent or less. In such a circuit, the output capacitor can be 
further reduced in value. As a rough estimation, a circuit that 
is required to deliver a maximum of 1 0 mA of output current 
from the regulator would need an output capacitor of only 
half the value compared to the same regulator required to 
deliver the full output current of 100 mA. If the example of 
the tantalum capacitor in the circuit rated at 25°C junction 
temperature and above were continued to include a maxi- 
mum of 10 mA of output current, then the 22 juF output 
capacitor could be reduced to only 1 0 juF. 

In the case of the LM2931CT adjustable regulator, the mini- 
mum value of output capacitance is a function of the output 
voltage. As a general rule, the value decreases with higher 
output voltages, since internal loop gain is reduced. 


At this point, the procedure for bench testing the minimum 
value of an output capacitor in a special application circuit 
should be clear. Since worst-case occurs at minimum oper- 
ating temperatures and maximum operating currents, the 
entire circuit, including the electrolytic, should be cooled to 
the minimum temperature. The input voltage to the regulator 
should be maintained at 0.6V above the output to keep in- 
ternal power dissipation and die heating to a minimum. 
Worst-case occurs just after input power is applied and be- 
fore the die has had a chance to heat up. Once the mini- 
mum value of capacitance has been found for the brand 
and type of electrolytic in question, the value should be dou- 
bled for actual use to account for production variations both 
in the capacitor and the regulator. (All the values in this 
section and the remainder of the data sheet were deter- 
mined in this fashion.) 

Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voitage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage at a speci- 
fied frequency. 

Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 
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LM2935 


National Semiconductor 


LM2935 Low Dropout Dual Regulator 

General Description 

The LM2935 dual 5V regulator provides a 750 mA output as 
well as a 1 0 mA standby output. It features a low quiescent 
current of 3 mA or less when supplying 1 0 mA loads from 
the 5V standby regulator output. This unique characteristic 
and the extremely low input-output differential required for 
proper regulation (0.55V for output currents of 1 0 mA) make 
the LM2935 the ideal regulator for power systems that in- 
clude standby memory. Applications include microprocessor 
power supplies demanding as much as 750 mA of output 
current. 

Designed for automotive applications, the LM2935 and all 
regulated circuitry are protected from reverse battery instal- 
lations or 2 battery jumps. During line transients, such as a 
load dump (60V) when the input voltage to the regulator can 
momentarily exceed the specified maximum operating volt- 
age, the 0.75A regulator will automatically shut down to pro- 
tect both internal circuits and the load while the standby 
regulator will continue to power any standby load. The 
LM2935 cannot be harmed by temporary mirror-image in- 
sertion. Familiar regulator features such as short circuit and 
thermal overload protection are also provided. 

Typical Application Circuit 

VlN 


’Required if regulator is located far from power 
supply filter. 

**Cout must be at least 10 ju,F to maintain stability. 
May be increased without bound to maintain reg- 
ulation during transients. Locate as close as pos- 
sible to the regulator. This capacitor must be rat- 
ed over the same operating temperature range 
as the regulator. The equivalent series resistance 
(ESR) of this capacitor is critical; see curve. 


Connection Diagram 

TO-220 5-Lead 

5 STANDBY OUTPUT 
4 SWITCH/RESET 
3 GROUND 

2 OUTPUT VOLTAGE (Vout) 

1 INPUT VOLTAGE (Vin) 

TL/H/5232-8 


Order Number LM2935T 
See NS Package Number T05A 



Front View 



Features 

■ Two 5V regulated outputs 

■ Output current in excess of 750 mA 

■ Low quiescent current standby regulator 

■ Input-output differential less than 0.6V at 0.5A 

■ Reverse battery protection 

■ 60V load dump protection 

■ — 50V reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ Available in 5-lead TO-220 

■ ON/OFF switch controls high current output 

■ Reset error flag 

■ P+ Product Enhancement tested 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Input Voltage 

Operating Range 26V 

Overvoltage Protection 60V 


Internal Power Dissipation (Note 1) 

Internally Limited 

Operating Temperature Range 

l 

o 

6 

o 

+ 

125°C 

Maximum Junction Temperature 


150°C 

Storage Temperature Range 

— 65°C to + 

cn 

o 

6 

Lead Temp. (Soldering, 10 seconds) 


230°C 


Electrical Characteristics for Vout 

V|n = 14V, Iq = 500 mA, Tj = 25°C (Note 4), C2 = 10 juF (unless otherwise specified) 





Tested 

Units 

Limit 

Parameter 

Conditions 

Typ 

Limit 
(Note 3) 

Output Voltage 

6V^V| N ^26V, 5 mA^l o ^500 mA, 

5.00 

5.25 

V MAX 


-40 o C<Tj^125°C (Note 2) 

4.75 

V MIN 

Line Regulation 

9V<;V| N <n6V, l 0 =5mA 

4 

25 

mV MAX 


6V^V| N ^26V, l 0 = 5 mA 

10 

50 

mV M AX 

Load Regulation 

5 mA^lo^500 mA 

10 

50 

mV MAX 

Output Impedance 

500 itiAdc and 1 0 m A rms , 1 00 Hz- 1 0 kHz 

200 


mil 

Quiescent Current 

Iq^IO mA, No Load on Standby 

3 


mA 


Iq = 500 mA, No Load on Standby 

40 

100 

mAMAX 


Iq = 750 mA, No Load on Standby 

90 


mA 

Output Noise Voltage 

10 Hz-100 kHz 

100 


Marins 

Long Term Stability 


20 


mV/ 1000 hr 

Ripple Rejection 

f 0 = 1 20 Hz 

66 


dB 

Dropout Voltage 

Iq = 500 mA 

0.45 

0.6 

V MAX 


Iq = 750 mA 

0.82 



Current Limit 


1.2 

0.75 

Amin 

Maximum Operational 

Input Voltage 


31 

26 

v min 

Maximum Line Transient 

V 0 <:5.5V 

70 

60 

V 

Reverse Polarity Input 
Voltage, DC 


-30 

-15 

V 

Reverse Polarity Input 

1 % Duty Cycle, r< 1 00 ms, 

-80 

-50 

V 

Voltage, Transient 

ion Load 




Reset Output Voltage 





Low 

Rl=20k, V| N = 4.0V 

0.9 

1.2 

V MAX 

High 

R1=20k, V, N = 14V 

5.0 

6.0 

V MAX 




4.5 

V MIN 

Reset Output Current 

Reset = 1.2 V 

5 


mA 

ON/OFF Resistor 

R1 (± 10% Tolerance) 


20 

kn M Ax 


Note 1: Thermal resistance without a heat sink for junction to case temperature is 3°C/W(TO-220). Thermal resistance for TO-220 case to ambient temperature is 
50° C/W. 

Note 2: The temperature extremes are guaranteed but not 100% production tested. This parameter is not used to calculate outgoing AQL. 

Note 3: Tested Limits are guaranteed and 100% tested in production. 

Note 4: To ensure constant junction temperature, low duty cycle pulse testing is used. 



3-137 


LM2935 








LM2935 


Electrical Characteristics for Standby Output 

Iq~ 10 mA, V|n = 14V, SI open, Cqut = 10 juF, Tj = 25°C (Note 4), (unless otherwise specified) 


Parameter 

Standby Output 

Conditions 

Typ 

Tested 

Limit 

Units 

Limit 

Output Voltage 

lo^lOmA, 6V^V| N ^26V, 

5.00 

5.25 

VMAX 


-40°C^Tj<; 125 o C 

4.75 

V MIN 

Tracking 

VouT-Standby Output Voltage 

50 

200 

mV MAX 

Line Regulation 

6V^V|m^26V 

4 

50 

mV M Ax 

Load Regulation 

1 mA^lo^lO mA 

10 

50 

mV MAX 

Output Impedance 

10 mApcand 1 mA rms , 100 Hz- 10 kHz 

1 


ft 

Quiescent Current 

lo^lOmA, 

VoutOFF (Note 2) 

2 

3 

™AmAX 

Output Noise Voltage 

10 Hz- 100 kHz 

300 


i*v 

Long Term Stability 


20 


mV/1000 hr 

Ripple Rejection 

f 0 = 1 20 Hz 

66 


dB 

Dropout Voltage 

Iq^IO mA 

0.55 

0.7 

V MAX 

Current Limit 


70 

25 

mAMiN 

Maximum Operational 

Input Voltage 

V 0 ^6V 

70 

60 

Vmin 

Reverse Polarity Input 
Voltage, DC 

Vq^ —0.3V, 510ft Load 

-30 

-15 

VmIN 

Reverse Polarity Input 

1 % Duty Cycle T ^ 1 00 ms 

-80 

-50 

V MIN 

Voltage, Transient 

500H Load 





Typical Circuit Waveforms 



CONDITION ON DUMP SHORT SHUTDOWN OFF 

CIRCUIT 

TL/H/5232-2 

FIGURE 2 
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STANDBY 

STANDBY LOAD OUTPUT VOLTAGE INPUT VOLTAGE OUTPUT VOLTAGE 

CURRENT (mA) | DEVIATION (mV) CHANGE (V) DEVIATION (mV) OUTPUT VOLTAGE (V) INPUT-OUTPUT DIFFERENTIAL VOLTAGE (V) 


Typical Performance Characteristics 


Dropout Voltage (Vqut) 

1.0 
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Low Voltage Behavior 
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Typical Performance Characteristics (Continued) 
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Typical Performance 
Characteristics (Continued) 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage has 
dropped 100 mV from the nominal value obtained at 14V 
input, dropout voltage is dependent upon load current and 
junction temperature. 

Input Voltage: The DC voltage applied to the input termi- 
nals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output volt- 
age for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions after 1000 hours with maximum 
rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: The part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 
Temperature Stability of Vq: The percentage change in 
output voltage for a thermal variation from room tempera- 
ture to either temperature extreme. 

Application Hints 

EXTERNAL CAPACITORS 

The LM2935 output capacitors are required for stability. 
Without them, the regulator outputs will oscillate, sometimes 
by many volts. Though the 10/xF shown are the minimum 
recommended values, actual size and type may vary de- 
pending upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also factors in 
the 1C stability. Since ESR varies from one brand to the 
next, some bench work may be required to determine the 
minimum capacitor value to use in production. Worst-case is 
usually determined at the minimum ambient temperature 
and maximum load expected. 

Output capacitors can be increased in size to any desired 
value above the minimum. One possible purpose of this 
would be to maintain the output voltage during brief condi- 
tions of negative input transients that might be characteris- 
tic of a particular system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum type electrolytics 
will freeze at temperatures less than -30°C, reducing their 
effective capacitance to zero. To maintain regulator stability 
down to -40°C, capacitors rated at that temperature (such 
as tantalums) must be used. 

No capacitor must be attached to the ON/OFF and ERROR 
FLAG pin. Due to the internal circuits of the 1C, oscillation on 
this pin could result. 

STANDBY OUTPUT 

The LM2935 differs from most fixed voltage regulators in 
that it is equipped with two regulator outputs instead of one. 
The additional output is intended for use in systems requir- 
ing standby memory circuits. While the high current regula- 
tor output can be controlled with the ON/OFF pin described 
below, the standby output remains on under all conditions 
as long as sufficient input voltage is applied to the 1C. Thus, 
memory and other circuits powered by this output remain 
unaffected by positive line transients, thermal shutdown, 
etc. 

The standby regulator circuit is designed so that the quies- 
cent current to the 1C is very low (<3 mA) when the other 
regulator output is off. 
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Application Hints (Continued) 

In applications where the standby output is not needed, it 
may be disabled by connecting a resistor from the standby 
output to the supply voltage. This eliminates the need for a 
more expensive capacitor on the output to prevent unwant- 
ed oscillations. The value of the resistor depends upon the 
minimum input voltage expected for a given system. Since 
the standby output is shunted with an internal 5.7V zener 
{Figure 3), the current through the external resistor should 
be sufficient to bias R2 and R3 up to this point. Approxi- 
mately 60 jutA will suffice, resulting in a 1 0k external resistor 
for most applications {Figure 4). 



TL/H/5232-6 

FIGURE 4. Disabling Standby Output to Eliminate C3 
HIGH CURRENT OUTPUT 


Unlike the standby regulated output, which must remain on 
whenever possible, the high current regulated output is fault 
protected against overvoltage and also incorporates ther- 
mal shutdown. If the input voltage rises above approximate- 
ly 30V (e.g., load dump), this output will automatically shut- 
down. This protects the internal circuitry and enables the 1C 
to survive higher voltage transients than would otherwise be 
expected. Thermal shutdown is effective against die over- 
heating since the high current output is the dominant source 
of power dissipation in the 1C. 


-t>°- 


V|N 


<R1 


>20k 

LM2935 
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SWITCH/ 


5 RESET 
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FIGURE 5. Controlling ON/OFF Terminal with 
a Typical Open Collector Logic Gate 


ON/OFF AND ERROR FLAG PIN 

This pin has the ability to serve a dual purpose if 
desired. When controlled in the manner shown in Figure 1 
(common in automotive systems where SI is the ignition 
switch), the pin also serves as an output flag that is active 
low whenever a fault Condition is detected with the high 
current regulated output. In other words, under normal 
operating conditions, the output voltage of this pin is high 
(5V). This is set by an internal clamp. If the high current 
output becomes unregulated for any reason (line transients, 
short circuit, thermal shutdown, low input voltage, etc.) the 
pin switches to the active low state, and is capable of sink- 
ing several milliamps. This output signal can be used to initi- 
ate any reset or start-up procedure that may be required of 
the system. 

The ON/OFF pin can also be driven directly from open col- 
lector logic circuits. The only requirement is that the 20k 
pull-up resistor remain in place (Figure 5). This will not affect 
the logic gate since the voltage on this pin is limited by the 
internal clamp in the LM2935 to 5V. 



(with approximately 300 ms delay) 
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Semiconductor 


LM2936 Ultra-Low Quiescent Current 5V Regulator 


General Description 

The LM2936 ultra-low quiescent current regulator features 
low dropout voltage and low current in the standby mode. 
With less than 15 jmA quiescent current at a 100 /xA load, 
the LM2936 is ideally suited for automotive and other bat- 
tery operated systems. The LM2936 retains all of the fea- 
tures that are common to low dropout regulators including a 
low dropout PNP pass device, short circuit protection, re- 
verse battery protection, and thermal shutdown. The 
LM2936 has a 40V operating voltage limit, -40°C to 
T-125°C operating temperature range, and ±3% output 
voltage tolerance over the entire output current, input volt- 
age, and temperature range. The LM2936 is available in 
both a TO-92 package and an 8-pin surface mount package 
with a fixed 5V output. 


Features 

■ Ultra low quiescent current (Iq ^ 15 ju, A for 
l 0 ^ 100 julA) 

■ Fixed 5V, 50 mA output 

■ Output tolerance ±3% over line, load, and temperature 

■ Dropout voltage typically 200 mV @ Iq = 50 mA 

■ Reverse battery protection 

■ - 50 V reverse transient protection 

■ Internal short circuit current limit 

■ Internal thermal shutdown protection 

■ 40V operating voltage limit 


Typical Application 


Input - 


100 nF*I 


|V 1N LM2936 V 0 


Ground 


- Output 


Z^ZIO/iF** 


* Required if regulator is located more than 2" from power supply filter 
capacitor. 

** Required for stability. Must be rated for 10 jxF minimum over intended 
operating temperature range. Effective series resistance (ESR) is critical, 
see curve. Locate capacitor as close as possible to the regulator output and 
ground pins. Capacitance may be increased without bound. 


TL/H/9759-1 

Connection Diagrams 


TO-92 Plastic Package (Z) 



Ground 

Bottom View 


Order Number LM2936Z-5.0 
See NS Package Number Z03A 


8-Pin SO (M) 

IN GND GND NC 

J I I L 

8 7 6 5 

12 3 4 


OUT GND GND NC 

TL/H/9759-6 

Top View 

Order Number LM2936M-5.0 
See NS Package Number M08A 
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Absolute Maximum Ratings (Note d 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage (Survival) + 60V, - 50V 

ESD Susceptability (Note 2) 1 900V 

Power Dissipation (Note 3) Internally limited 


Junction Temperature (Tj max ) 


150°C 


Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 

Operating Ratings 

Operating T emperature Range - 40°C to + 1 25°C 

Maximum Input Voltage (Operational) 40V 


Electrical Characteristics 

Vin = 14V, Iq = 10 mA, Tj = 25°C, unless otherwise specified. Boldface limits apply over entire operating temperature range 


Parameter 

Conditions 

Typical 
(Note 4) 

Tested 
Limit 
(Note 5) 

Units 

Output Voltage 

5.5V ^ V| N ^ 26V, 

1 o ^ 50 mA (Note 6) 


4.85 

Vmin 

5 


V 


5.15 

Vmax 

Line Regulation 

9V <; V| N <£ 16V 

5 

10 

m Vmax 

6V ^ V| N ^ 40V, l 0 = 1 mA 

10 

30 

Load Regulation 

1 00 ju,A ^ Iq ^ 5 mA 

10 

30 

m Vmax 

5 mA ^ Iq ^ 50 mA 

10 

30 

Output Impedance 

Iq = 30 mAdc and 10 mArms, 
f = 1000 Hz 

450 


mft 

Quiescent Current 

l 0 = 100 jaA, 8V <: V| N <; 24V 

9 

15 

M'Amax 

l 0 = 1 0 mA, 8V ^ V, N <; 24V 

0.20 

0.50 

m A max 

l 0 = 50 mA, 8V <: V| N <; 24V 

1.5 

2.5 

m Amax 

Output Noise Voltage 

10 Hz- 100 kHz 

500 



Long Term Stability 


20 


mV/1000 Hr 

Ripple Rejection 

Vripple = ^ Vrms> f r jppie = 120 Hz 

60 

40 

dB m j n 

Dropout Voltage 

Iq — 100 jmA 

0.05 

0.10 

Vmax 

Iq = 50 mA 

0.20 

0.40 

Vmax 

Reverse Polarity 

DC Input Voltage 

r l = 500 n,v 0 ;> -o.3V 


-15 

Vmin 

Reverse Polarity 

Transient Input Voltage 

Rl = 500ft, T = 1 ms 

-80 

-50 

Vmin 

Output Leakage with 
Reverse Polarity Input 

V| N = -15V, R L = 500ft 

-0.1 

-600 

^max 

Maximum Line Transient 

R l = 500ft, V 0 ^ 5.5V, T = 40 ms 


60 

Vmin 

Short Circuit 

Current 

> 

o 

II 

>° 

120 

250 

m Amax 

65 

m A m j n 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. 

Note 2: Human body model, 100 pF discharge through a 1.5 kH resistor. 

Note 3: The maximum power dissipation is a function of Tj ma x. ©JA. and T A- The maximum allowable power dissipation at any ambient temperature is 
Pd = (Tjmax ~ T a )/©ja- If this dissipation is exceeded, the die temperature will rise above 150°C and the LM2936 will go into thermal shutdown. For the 
LM2936Z, the junction-to-ambient thermal resistance (0 JA ) is 195°C/W. For the LM2936M, 0ja is 160°C/W. 

Note 4: Typicals are at 25°C (unless otherwise specified) and represent the most likely parametric norm. 

Note 5: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level) and 100% tested. 

Note 6: To ensure constant junction temperature, pulse testing is used. 



3-145 


LM2936 



LM2936 


Typical Performance Characteristics 


Maximum Power 
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Typical Performance Characteristics (Continued) 
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Applications Information 

Unlike other PNP low dropout regulators, the LM2936 re- 
mains fully operational to 40V. Owing to power dissipation 
characteristics of the TO-92 package, full output current 
cannot be guaranteed for all combinations of ambient tem- 
perature and input voltage. As an example, consider an 
LM2936 operating at 25°C ambient. Using the formula for 
maximum allowable power dissipation given in Note 3, we 
find that Pomax = 641 mW at 25°C. Including the small 
contribution of the quiescent current to total power dissipa- 
tion the maximum input voltage (while still delivering 50 mA 
output current) is 17.3V. The device will go into thermal 
shutdown if it attempts to deliver full output current with an 
input voltage of more than 1 7.3V. Similarly, at 40V input and 
25°C ambient the LM2936 can deliver 18 mA maximum. 


Under conditions of higher ambient temperatures, the volt- 
age and current calculated in the previous examples will 
drop. For instance, at the maximum ambient of 125°C the 
LM2936 can only dissipate 128 mW, limiting the input volt- 
age to 7.34V for a 50 mA load, or 3.5 mA output current for 
a 40 V input. 

While the LM2936 maintains regulation to 60 V, it will not 
withstand a short circuit above 40V because of safe operat- 
ing area limitations in the internal PNP pass device. Above 
60V the LM2936 will break down with catastrophic effects 
on the regulator and possibly the load as well. Do not use 
this device in a design where the input operating voltage 
may exceed 40V, or where transients are likely to exceed 
60V. 
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National Semiconductor 


LM2937 500 mA Low Dropout Regulator 


General Description 

The LM2937 is a positive voltage regulator capable of sup- 
plying up to 500 mA of load current. The use of a PNP 
power transistor provides a low dropout voltage characteris- 
tic. With a load current of 500 mA the minimum input to 
output voltage differential required for the output to remain 
in regulation is typically 0.5V (IV guaranteed maximum over 
the full operating temperature range). Special circuitry has 
been incorporated to minimize the quiescent current to typi- 
cally only 1 0 mA with a full 500 mA load current when the 
input to output voltage differential is greater than 3V. 

The LM2937 requires an output bypass capacitor for stabili- 
ty. As with most low dropout regulators, the ESR of this 
capacitor remains a critical design parameter, but the 
LM2937 includes special compensation circuitry that relax- 
es ESR requirements. The LM2937 is stable for all ESR 
below 3ft. This allows the use of low ESR chip capacitors. 
Ideally suited for automotive applications, the LM2937 will 
protect itself and any load circuitry from reverse battery con- 


nections, two-battery jumps and up to + 60V/ -50V load 
dump transients. Familiar regulator features such as short 
circuit and thermal shutdown protection are also built in. 

Features 

■ Fully specified for operation over -40°C to -F 1 25°C 

■ Output current in excess of 500 mA 

■ Output trimmed for 5% tolerance under all operating 
conditions 

■ Typical dropout voltage of 0.5 V at full rated load 
current 

■ Wide output capacitor ESR range, up to 3ft 

■ Internal short circuit and thermal overload protection 

■ Reverse battery protection 

■ 60V input transient protection 

■ Mirror image insertion protection 


Connection Diagram and Ordering Information 


TO-220 Plastic Package 


GND 



o 











TL/H/1 1280-2 

Front View 

Order Number LM2937ET-5.0, LM2937ET-8.0, 
LM2937ET-10, LM2937ET-12 or LM2937ET-15 
See NS Package Number T03B 


TO-263 Surface-Mount Package 
“fcl OUTPUT 


TAB IS 
GND 


L 


I GND 
I INPUT 


TL/H/1 1280-5 


Top View 

JZZTX, 


Side View 


TL/H/1 1280-6 


Order Number LM2937ES-5.0, LM2937ES-8.0, 
LM2937ES-10, LM2937ES-12 or LM2937ES-15 
See NS Package Number TS3B 


Temperature 

Range 

Output Voltage 

NSC 


5.0 

8.0 

10 

12 

15 

Package 

Drawing 

Package 

— 40°C ^ T a ^ 125°C 

LM2937ES-5.0 

LM2537ET-5.0 

LM2937ES-8.0 

LM2537ET-8.0 

LM2937ES-10 

LM2537ET-10 

LM2937ES-12 

LM2537ET-12 

LM2937ES-15 

LM2537ET-15 

TS3B 

T03B 

TO-263 

TO-220 
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Operating Conditions (Note d 

Temperature Range (Tj) (Note 2) -40°C to + 125°C 

Maximum Input Voltage 26V 


Electrical Characteristics 

V|n = Vnqm + 5V (Note 4), Iqut = 500 mA, Cqut = 10 jllF unless otherwise indicated. Boldface limits apply over the 
entire operating temperature range, -40°C ^ Tj ^ + 125°C, all other specifications are for Ta = Tj = 25°C. 


Output Voltage (Vqut) 

5V 

8V 

10V 

Units 

Parameter 

Conditions 

Typ 

Limit 

Typ 

Limit 

Typ 

Limit 

Output Voltage 

5 mA <; Iout ^ 0.5A 


4.85 


7.76 


9.70 

V(Min) 



5.00 

4.75 

8.00 

7.60 

10.00 

9.50 

V(Min) 



5.15 

8.24 

10.30 

V(Max) 




5.25 


8.40 


10.50 

V(Max) 

Line Regulation 

(Vqut + 2V) <; V, N ^ 26V, 
•OUT “ 5 mA 

15 

50 

24 

80 

30 

100 

mV(Max) 

Load Regulation 

5 mA ^ Iqut ^ 0.5A 

5 

50 

8 

80 

10 

100 

mV(Max) 

Quiescent Current 

(V 0 UT + 2V) ^ V, N ^ 26V, 
•OUT = 5 mA 

2 

10 

2 

10 

2 

10 

mA(Max) 


Yin = (Vout + 5V), 

•out = 0.5A 

10 

20 

10 

20 

10 

20 

mA(Max) 

Output Noise 

Voltage 

10 Hz- 100 kHz 
•OUT = 5 mA 

150 


240 


300 


juVrms 

Long Term Stability 

1000 Hrs. 

20 


32 


40 


mV 

Dropout Voltage 

•out = 500 mA 

0.5 

1.0 

0.5 

1.0 

0.5 

1.0 

V(Max) 


•out = 50 mA 

110 

250 

110 

250 

110 

250 

mV(Max) 

Short-Circuit Current 


1.0 

0.6 

1.0 

0.6 

1.0 

0.6 

A(Min) 

Peak Line Transient 
Voltage 

tf < 100 ms, R|_. = 100ft 

75 

60 

75 

60 

75 

60 

V(Min) 

Maximum Operational 
Input Voltage 



26 


26 


26 

V(Min) 

Reverse DC 

Input Voltage 

Vqut ^ -0.6V, r l = 100ft 

-30 

-15 

-30 

-15 

-30 

-15 

V(Min) 

Reverse Transient 

Input Voltage 

t r < 1 ms, Rl = 100ft 

-75 

-50 

-75 

-50 

-75 

-50 

V(Min) 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage 

Continuous 26V 

Transient (t ^ 100 ms) 60V 

Internal Power Dissipation (Note 2) Internally Limited 

Maximum Junction Temperature 150°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10 seconds) 230°C 

ESD Susceptibility (Note 3) 2 kV 
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Electrical Characteristics 

V|n = Vnom + 5V (Note 4), Iout = 500 mA, Cqut = 10 juF unless otherwise indicated. Boldface limits apply over the 
entire operating temperature range, -40°C ^ Tj ^ + 125 C all other specifications are for Ta = Tj = 25°C. 


Output Voltage (Vqut) 

12V 

15V 

Units 

Parameter 

Conditions 

Typ 

Limit 

Typ 

Limit 

Output Voltage 

5 mA <; Iout ^ 0.5A 


11.64 


14.55 

V (Min) 



12.00 

11.40 

15.00 

14.25 

V(Min) 



12.36 

15.45 

V(Max) 




12.60 


15.75 

V(Max) 

Line Regulation 

(Vqut + 2 V) <; v, N <; 26 v, 

Iout — 5 mA 

36 

120 

45 

150 

mV(Max) 

Load Regulation 

5 mA <; Iout ^ 0.5A 

12 

120 

15 

150 

mV(Max) 

Quiescent Current 

(Vqut + 2V) ^ V| N ^ 26V, 

Iout = 5 mA 

2 

10 

2 

10 

mA(Max) 


V|N = (V 0 UT + 5V), 

•out = °-5A 

10 

20 

10 

20 

mA(Max) 

Output Noise 

Voltage 

10 Hz- 100 kHz, 

•OUT - 5 mA 

360 


450 


juA/rms 

Long Term Stability 

1000 Hrs. 

44 


56 


mV 

Dropout Voltage 

•out = 500 mA 

0.5 

1.0 

0.5 

1.0 

V(Max) 


•out — 50 mA 

110 

250 

110 

250 

mV(Max) 

Short-Circuit Current 


1.0 

0.6 

1.0 

0.6 

A(Min) 

Peak Line Transient 
Voltage 

tf < 1 00 ms, R[_ = 1 00ft 

75 

60 

75 

60 

V(Min) 

Maximum Operational 
Input Voltage 



26 


26 

V(Min) 

Reverse DC 

Input Voltage 

Vqut ^ -0.6V, R l = 100ft 

-30 

-15 

-30 

-15 

V(Min) 

Reverse Transient 

Input Voltage 

t r < 1 ms, Rl = 100ft 

-75 

-50 

-75 

-50 

V(Min) 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Electrical specifications do not apply when operating the device 
outside of its rated Operating Conditions. 

Note 2: The maximum allowable power dissipation at any ambient temperature is Pmax = (125 — Ta)/0ja. where 125 is the maximum junction temperature for 
operation, Ta is the ambient temperature, and Oja is the junction-to-ambient thermal resistance. If this dissipation is exceeded, the die temperature will rise above 
1 25°C and the electrical specifications do not apply. If the die temperature rises above 1 50°C, the LM2937 will go into thermal shutdown. For the LM2937, the 
junction-to-ambient thermal resistance Oja is 65°C/W, for the TO-220, and 73°C/W for the TO-263. When used with a heatsink, Oja is the sum of the LM2937 
junction-to-case thermal resistance Ojc of 3°C/W and the heatsink case-to-ambient thermal resistance. If the TO-263 package is used, the thermal resistance can 
be reduced by increasing the P.C. board copper area thermally connected to the package. Using 0.5 Square inches of copper area, Oja is 50°C/W; with 1 square 
inch of copper area, Oja is 37°C/W; and with 1 .6 or more sqaure inches of copper area, Oja is 32°C/W. 

Note 3: ESD rating is based on the human body model, 100 pF discharged through 1.5 kft. 

Note 4: Typicals are at Tj = 25 J C and represent the most likely parametric norm. 
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LM2937 


Typical Performance Characteristics 


Dropout Voltage vs 
Output Current 
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Dropout Voltage vs 
Temperature 
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Quiescent Current vs 
Temperature 
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Quiescent Current vs 
Input Voltage 



0 5 10 15 20 25, 30 35 

INPUT VOLTAGE (V) 


Quiescent Current vs 
Output Current 



0 100 200 300 400 500 

OUTPUT CURRENT (mA) 


Line Transient Response 



TIME (fis) 


Load Transient Response 



TIME (100 jus) 


Ripple Rejection 



10 100 Ik 10k 100k 1M 
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Output Impedance 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Maximum Power 



-40 0 40 80 120 

AMBIENT TEMPERATURE (°C) 


Maximum Power Dissipation 
(TO-263) (See Note 2) 



0 10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE (°C) 

TL/H/1 1280-3 


3-152 




Typical Performance Characteristics (Continued) 



Output at Voltage 



-30 -20 -10 0 10 20 30 40 


Output at Voltage 



-30 -20 -10 0 10 20 30 40 


Output Capacitor ESR 



0 100 200 300 400 500 


INPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 


OUTPUT CURRENT (mA) 


Peak Output Current 


-40 0 40 80 120 

TEMPERATURE (°C) 


Typical Application 


UNREGULATED 

Vj 

LM2937 

i v ° ut , 

REGULATED 

INPUT 

4 = 

0.1 fj, F 

n 

r 

OUTPUT 

** 

= C 0UT 

1 0 jj,F 






TL/H/1 1280-1 


TL/H/1 1280-4 


'Required if the regulator is located more than 3 inches from the power supply filter capacitors. 

"Required for stability. C ou t must be at least 1 0 fxF (over the full expected operating temperature range) and located as close as possible to the regulator. The 
equivalent series resistance, ESR, of this capacitor may be as high as 3ft. 


I 
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LM2940/LM2940C 



National Semiconductor 


LM2940/LM2940C 1A Low Dropout Regulator 


General Description 

The LM2940/LM2940C positive voltage regulator features 
the ability to source 1A of output current with a dropout 
voltage of typically 0,5V and a maximum of IV over the 
entire temperature range. Furthermore, a quiescent current 
reduction circuit has been included which reduces the 
ground current when the differential between the input volt- 
age and the output voltage exceeds approximately 3V. The 
quiescent current with 1 A of output current and an input-out- 
put differential of 5V is therefore only 30 mA. Higher quies- 
cent currents only exist when the regulator is in the dropout 
mode (V| N - Vqut ^ 3V). 

Designed also for vehicular applications, the LM2940/ 
LM2940C and all regulated circuitry are protected from re- 
verse battery installations or 2-battery jumps. During line 
transients, such as load dump when the input voltage can 
momentarily exceed the specified maximum operating volt- 


age, the regulator will automatically shut down to protect 
both the internal circuits and the load. The LM2940/ 
LM2940C cannot be harmed by temporary mirror-image in- 
sertion. Familiar regulator features such as short circuit and 
thermal overload protection are also provided. 

Features 

■ Dropout voltage typically 0.5 V @Iq = 1A 

■ Output current in excess of 1A 

■ Output voltage trimmed before assembly 

■ Reverse battery protection 

■ Internal short circuit current limit 

■ Mirror image insertion protection 

■ P+ Product Enhancement tested 


Typical Application 


VlN 

UNREGULATED 
INPUT 
Cl* 
.47 /uF 



Vout 

REGULATED 

OUTPUT 

Cm" 

lltf 


TL/H/8822-3 


‘Required if regulator is located far from power supply filter. 

**Cout must be at least 22 jmF to maintain stability. May be increased without bound to maintain regulation during transients. Locate as close as possible to 
the regulator. This capacitor must be rated over the same operating temperature range as the regulator and the ESR is critical; see curve. 


Ordering Information 


Temperature 

Range 

Output Voltage 


5.0 

8.0 

9.0 

10 

12 

15 


0°C ^ T a ^ 125°C 

LM2940CT-5.0 

LM2940CS-5.0 


LM2940CT-9.0 

LM2940CS-9.0 


LM2940CT-12 

LM2940CS-1 2 

LM2940CT-15 

LM2940CS-1 5 

TQ-220 

TO-263 

— 40°C <; T a ^ 125*0 

LM2940T-5.0 

LM2940S-5.0 

LM2940T-8.0 

LM2940S-8.0 

LM2940T-9.0 

LM2940S-9.0 

LM2940T-10 

LM2940S-10 

LM2940T-12 

LM2940S-12 


TO-220 

TO-263 

— 55°C £ T a <£ 125°C 

LM2940K-5.0/ 883 

LM2940K-8.0/ 883 



LM2940K-1 2/883 

LM2940K-1 5/883 

TO-3 
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Lead Temperature (Soldering, 10 seconds) 


Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

(Note 2) 

LM2940S, T ^ 100 ms 60V 

LM2940T.T ^ 100 ms 60V 

LM2940K/883, T ^ 20 ms 40V 

LM2940CT, T^lms 45V 

LM2940CS, T^lms 45V 

Internal Power Dissipation (Note 3) Internally Limited 

Maximum Junction T emperature 1 50°C 

Storage Temperature Range -65°C <; Tj ^ + 1 50° C 

Electrical Characteristics V|n = Vq + 5V, Iq = 1A, Co = 22 jaF, unless otherwise specified. Boldface 
limits apply over the entire operating temperature range of the indicated device. All other specifications apply 
for T a = Tj - 25°C 


TO-3 (K) Package 

300°C 

TO-220 (T) Package 

260°C 

TO-263 (S) Package 

260°C 

ESD Susceptibility (Note 4) 

2 kV 

Operating Conditions (Note d 

Input Voltage 

26V 

Temperature Range 
LM2940K/883 

— 55°C ^ T A ^ 125°C 

LM2940T, LM2940S 

— 40°C <; T A <; 125°C 

LM2940CT, LM2940CS 

0°C ^ T A ^ 125°C 


Output Voltage (Vq) 

5V 

8V 





LM2940 

LM2940/883 


LM2940 

LM2940/883 


Parameter 

Conditions 

Typ 

Limit 

Limit 

Typ 

Limit 

Limit 

Units 




(Note 5) 

(Note 6) 


(Note 5) 

(Note 6) 




6.25V ^ V| N ^ 26V 

9.4V <; V| N <; 26V 


Output Voltage 

5 mA ^ l 0 ^ 1A 

5.00 

4.85/4.75 

4.85/4.75 

8.00 

7.76/7.60 

7.76/7.60 

Vmin 




5.15/5.25 

5.15/5.25 


8.24/8.40 

8.24/8.40 

VmAX 

Line Regulation 

Vq + 2V <1 V| N ^ 26V, 
Iq = 5 mA 

20 

50 

40/50 

20 

80 

50/80 

mV MA x 

Load Regulation 

50 mA ^ Iq ^ 1A 
LM2940, LM2940/883 

35 

50/80 

50/100 

55 

80/130 

80/130 

mV MA x 


LM2940C 

35 

50 


55 

80 


Output 

100 mADC and 








Impedance 

20 mArms, 
f 0 = 120 Hz 

35 

! 

1000/1000 

55 


1000/1000 

mil 

Quiescent 

Vq +2V ^ V| N ^ 26V, 








Current 

Iq = 5 mA 

LM2940, LM2940/883 
LM2940C 

10 | 
10 

15/20 

15 

15/20 

10 

15/20 

15/20 

mA MA x 


V| N = V 0 + 5V, 
l 0 = 1A 

30 

45/60 

50/60 

30 

45/60 

50/60 

mA M AX 

Output Noise 
Voltage 

10 Hz - 100 kHz, 

Iq = 5 mA 

150 


700/700 

240 


1000/1000 

M'Vrms 

Ripple Rejection 

f 0 = 120 Hz, 1 V rms , 

Iq = 100 mA 

LM2940 

72 

60/54 


66 

54/48 


dB M iN 


LM2940C 

72 

60 


66 

54 



f 0 = 1 kHz, 1 V rms , 

Iq = 5 mA 



60/50 



54/48 

dB M iN 

Long Term 


20 



32 



mV/ 

Stability 






1000 Hr 

Dropout Voltage 

Iq = 1A 

0.5 

0.8/ 1.0 

0.7/ 1.0 

0.5 

0.8/ 1.0 

0.7/ 1.0 

Vmax 


Iq — 100 mA 

110 

150/200 

150/200 

110 

150/200 

150/200 

hiVmax 
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LM2940/LM2940C 


Electrical Characteristics V|n = Vq + 5V, Iq = 1A, Co = 22 /xF, unless otherwise specified. Boldface 
limits apply over the entire operating temperature range of the indicated device. All other specifications apply 
forTA = Tj = 25°C (Continued) 


Output Voltage (Vq) 

5V 

8V 





LM2940 

LM2940/883 


LM2940 

LM2940/883 

Units 

Parameter 

Conditions 

Typ 

Limit 

Limit 

Typ 

Limit 

Limit 




(Note 5) 

(Note 6) 


(Note 5) 

(Note 6) 


Short Circuit 

Current 

(Note 7) 

1.9 

1.6 

1 . 5 / 1.3 

1.9 

1.6 

1.6/ 1.3 

Amin 

Maximum Line 

Ro == iooft 








Transient 

LM2940.T <; 100 ms 

75 

60/60 


75 

60/60 




LM2940/883, T ^ 20 ms 
LM2940C, T^lms 

55 

45 

40/40 

55 

45 

40/40 

Vmin 

Reverse Polarity 

J3 

O 

II 

o 

o 

s 








DC Input Voltage 

LM2940, LM2940/883 

-30 

— 15/ — 15 

— 15/ — 15 

-30 

— 15/ — 15 

— 15/ — 15 

Vmin 


LM2940C 

-30 

-15 


-30 

-15 


Reverse Polarity 

Ro = 100ft 








Transient Input 

LM2940, T ^ 100 ms 

-75 

-50/ -50 


-75 

-50/ -50 


V MIN 

Voltage 

LM2940/883, T ^ 20 ms 
LM2940C, T^lms 

-55 

-45/ -45 

—45/ — 45 



—45/ — 45 
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Electrical Characteristics V|n = Vq + 5V, Iq = 1A, Co = 22 jxF , unless otherwise specified. Boldface 
limits apply over the entire operating temperature range of the indicated device. All other specifications apply 
for Ta = Tj = 25°C (Continued) 


Output Voltage (Vq) 

9V 

10V 





LM2940 


LM2940 


Parameter 

Conditions 

Typ 

Limit 

Typ 

Limit 

Units 




(Note 5) 


(Note 5) 




10.5V ^ V, N ^ 26V 

11.5V <; v, N <; 26 V 


Output Voltage 

5 mA ^ Iq ^1A 

9.00 

8.73/8.55 

10.00 

9.70/9.50 

V MIN 




9.27/9.45 


10.30/10.50 

Vmax 

Line Regulation 

V 0 + 2V ^ V iN <; 26V, 

Iq = 5 mA 

20 

90 

20 

100 

mV MAX 

Load Regulation 

50 mA ^ Iq ^ 1 A 

LM2940 

60 

90/150 

65 

100/165 

™ V MAX 


LM2940C 

60 

90 




Output Impedance 

1 00 mADC and 

20 mArms, 
f 0 = 120 Hz 

60 


65 


mft 

Quiescent 

V 0 +2V ^ V| N < 26V, 






Current 

Iq = 5 mA 

LM2940 

10 

15/20 

10 

15/20 

mA MAX 


LM2940C 

10 

15 





Vin = Vq + 5V, l 0 = 1A 

30 

45/60 

30 

45/60 

mA M AX 

Output Noise 

Voltage 

10 Hz - 100 kHz, 

Iq = 5 mA 

270 




M^rnis 

Ripple Rejection 

f 0 = 120 Hz, 1 V rms , 

Iq = 100 mA 

LM2940 

64 

52/46 

63 

51/45 

dB M | N 


LM2940C 

64 

52 




Long Term 


34 


36 


mV/ 

Stability 




1000 Hr 

Dropout Voltage 

10= 1A 

0.5 

0. 8/1.0 

0.5 

0.8/ 1.0 

V MAX 


Iq = 100 mA 

110 

150/200 

110 

150/200 

mV M Ax 

Short Circuit 

Current 

(Note 7) 

1.9 

1.6 

1.9 

1.6 

Amin 

Maximum Line 

r 0 = iooft 






Transient 

T ^ 100 ms 

LM2940 

75 

60/60 

75 

60/60 

V MIN 


LM2940C 

55 

45 




Reverse Polarity 

Ro = 100ft 






DC Input Voltage 

LM2940 

-30 

— 15/ — 15 

-30 

— 15/ — 15 

Vmin 


LM2940C 

-30 

-15 




Reverse Polarity 

Rq — 100ft 






Transient Input 

T ^ 100 ms 






Voltage 

LM2940 

-75 

— 50/ — 50 

-75 

-50/ -50 

V M | N 


LM2940C 

-55 

— 45/ — 45 
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LM2940/LM2940C 



o 

0 
n- 

01 
CM 


o> 

CM 


Electrical Characteristics V|n — Vo + 5V, Iq = 1A, Cq = 22 jllF, unless otherwise specified. Boldface 
limits apply over the entire operating temperature range of the indicated device. All other specifications apply 
for Ta = Tj = 25°C (Continued) 


Output Voltage (Vo) 

12V 

15V 





LM2940 

LM2940/833 


LM2940 

LM2940/833 


Parameter 

Conditions 

Typ 

Limit 

Limit 

Typ 

Limit 

Limit 

Units 




(Note 5) 

(Note 6) 


(Note 5) 

(Note 6) 




13.6V <; V IN <: 26V 

16.75V ^ V, N <; 26V 


Output Voltage 

5 mA ^ Iq ^1A 

12.00 

11.64/11.40 

11.64/11.40 

15.00 

14.55/14.25 

14.55/14.25 

V MIN 




12.36/12.60 

12.36/12.60 


15.45/15.75 

15.45/15.75 

VmAX 

Line Regulation 

v 0 + 2V <; v IN <; 26V, 

Iq = 5 mA 

20 

120 

75/120 

20 

150 

95/150 

™V M ax 

Load Regulation 

50 mA £ Iq ^ 1A 

LM2940, LM2940/883 

55 

120/200 

120/190 



150/240 

mV MA x 


LM2940C 

55 

120 


70 

150 


Output Impedance 

1 00 mADC and 

20 mArms, 
f 0 = 120 Hz 

80 


1000/1000 

100 


1000/1000 

mft 

Quiescent 

V 0 +2V ^ V| N ^ 26V, 








Current 

Iq = 5 mA 

LM2940, LM2940/883 

10 

15/20 




15/20 

™a M ax 


LM2940C 

10 

15 






V| N = V 0 + 5V, l 0 = 1A 

30 

45/60 

50/60 

30 

45/60 

50/60 

mA MA x 

Output Noise 
Voltage 

10 Hz - 100 kHz, 

Iq = 5 mA 

360 


1000/1000 

450 


1000/1000 

^v rms 

Ripple Rejection 

f 0 = 120 Hz, 1 V rms , 
lo = 100 mA 

LM2940 

66 

54/48 





dB M iN 


LM2940C 

66 

54 



52 



f 0 = 1 kHz, 1 V rms , 
lo = 5 mA 



52/46 




dB M iN 

Long Term 


48 






mV/ 

Stability 






1000 Hr 

Dropout Voltage 

10= 1A 

0.5 

0.8/ 1.0 

0.7/ 1.0 




V MAX 


lo = 100 mA 

110 

150/200 

150/200 

110 

150/200 


mV MAX 

Short Circuit 
Current 

(Note 7) 

1.9 

1.6 

B&E 

D 

1.6 

1.6/ 1.3 

Amin 

Maximum Line 

Rq = lOOfl 



■ ■ 





Transient 

LM2940, T ^ 100 ms 
LM2940/883, T ^ 20 ms 

75 

60/60 

1 



40/40 

Vmin 


LM2940C, T^lms 

55 

45 






Reverse Polarity 

Ro — 100ft 








DC Input Voltage 

LM2940, LM2940/883 

-30 

— 15/ — 15 

— 1 5/ — 1 5 



— 15/ — 15 

V MIN 


LM2940C 

-30 

-15 


-30 

-15 


Reverse Polarity 

Rq = 100ft 








Transient Input 

LM2940, T ^ 100 ms 

-75 

— 50/ — 50 






Voltage 

LM2940/883, T ^ 20 ms 
LM2940C, T^lms 

-55 

—45/ — 45 

—45/ — 45 

-55 

-45/ -45 


Vmin 
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Note 1: Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Conditions are conditions under which the device 
functions but the specifications might not be guaranteed. For guaranteed specifications and test conditions see the Electrical Characteristics. 

Note 2: Military specifications complied with RETS/SMD at the time of printing. For current specifications refer to RETS LM2940K-5.0, LM2940K-8.0, LM2940K-1 2, 
and LM2940K-1 5. SMD numbers are 5962-8958701 YA(5V), 5962-9083301 YA(8V), 5962-9088401 YA(1 2V), and 5962-9088501 YA(15V). 

Note 3: The maximum power dissipation is a function of the maximum junction temperature, Tj = 1 50°C, the junction-to-ambient thermal resistance, 0ja, and the 
ambient temperature, Ta- The maximum allowable power dissipation at any ambient temperature is Pqmax = (150 — Ta)/0ja- If this dissipation is exceeded, the 
die temperature will rise above 1 50°C and the LM2940 will go into thermal shutdown. For the LM2940T and LM2940CT, the junction-to-ambient thermal resistance 
(0ja) is 53°C/W. When using a heatsink, 0ja is the sum of the 3 6 C/W junction-to-case thermal resistance (0 jc) of the LM2940T or LM2940CT and the case-to-am- 
bient thermal resistance of the heatsink. If the TO-263 package is used, the thermal resistance can be used by increasing the P.C. board copper area thermally 
connected to the package. Using 0.5 square inches of copper area, 0ja is 50°C/W; with 1 square inch of copper area, 0ja is 37°C/W; and with 1 .6 or more square 
inches of copper area , 0ja is 32°C/W. For the LM2940K, 0ja is 39°C/W and 0jc is 4°C/W. 

Note 4: ESD rating is based on the human body model, 100 pF discharged through 1.5 kH. 

Note 5: All limits are guaranteed at Ta = Tj = 25°C only (standard typeface) or over the entire operating temperature range of the indicated device (boldface 
type). All limits at Ta = Tj = 25°C are 100% production tested. All limits at temperature extremes are guaranteed via correlation using standard Statistical Quality 
Control methods. 

Note 6: All limits are guaranteed at Ta = Tj = 25°C only (standard typeface) or over the entire operating temperature range of the indicated device (boldface 
type). All limits are 100% production tested and are used to calculate Outgoing Quality Levels. 

Note 7: Output current will decrease with increasing temperature but will not drop below 1A at the maximum specified temperature. 


Typical Performance Characteristics 


Dropout Voltage 
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LM2940/LM2940C 




LM2940/LM2940C 


Typical Performance Characteristics (Continued) 


Line Transient Response 
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Load Transient Response 
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Ripple Rejection 
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Maximum Power 
Dissipation (TO-220) 
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FREQUENCY (Hz) 
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Maximum Power 



0 10 20 30 40 50 60 70 80 90 100 
AMBIENT TEMPERATURE (°C/W) 


TL/H/8822-4 



Maximum Power Dissipation 
(TO-263) (See Note 3) 
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Connection Diagrams 


(TO-220) Plastic Package 


TO-3 Metal Can Package (K) 


OUTPUT 

GND 

INPUT 


TL/H/8822-2 

Front View 

Order Number LM2940CT-5.0, LM2940CT-9.0, 
LM2940CT-12, LM2940CT-15, LM2940T-5.0, 
LM2940T-8.0, LM2940T-9.0, 

LM2940T-10 or LM2940T-12 
See NS Package Number T03B 


GND 

o 



TL/H/8822-7 

Order Number LM2940K-5.0/883, 

LM2940K-8. 0/883, LM2940K-1 2/883, LM2940K-1 5/883 
See NS Package Number K02A 


(TO-263) Surface-Mount Package 

m OUTPUT 


TAB IS 
GND 


3GND 
□ INPUT 


TL/H/8822-1 1 


Top View 


JZZh= 


TL/H/8822-12 


Side View 


Order Number LM2940CS-5.0, LM2940CS-9.0, LM2940CS-12, 
LM2940CS-15, LM2940S-5.0, LM2940S-8.0, 
LM2940S-9.0, LM2940S-10 or LM2940S-12 
See NS Package Number TS3B 
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LP2950/A-XX and LP2951/A-XX Series 
of Adjustable Micropower Voltage Regulators 


General Description 

The LP2950 and LP2951 are micropower voltage regulators 
with very low quiescent current (75 jutA typ.) and very low 
dropout voltage (typ. 40 mV at light loads and 380 mV at 
100 mA). They are ideally suited for use in battery-powered 
systems. Furthermore, the quiescent current of the 
LP2950/LP2951 increases only slightly in dropout, prolong- 
ing battery life. 

The LP2950-5.0 in the popular 3-pin TO-92 package is pin- 
compatible with older 5V regulators. The 8-lead LP2951 is 
available in plastic, ceramic dual-in-line, or metal can pack- 
ages and offers additional system functions. 

One such feature is an error flag output which warns of a 
low output voltage, often due to falling batteries on the in- 
put. It may be used for a power-on reset. A second feature 
is the logic-compatible shutdown input which enables the 
regulator to be switched on and off. Also, the part may be 
pin-strapped for a 5V, 3V, or 3.3V output (depending on the 
version), or programmed from 1 .24V to 29V with an external 
pair of resistors. 

Careful design of the LP2950/LP2951 has minimized all 
contributions to the error budget. This includes a tight initial 


tolerance (.5% typ.), extremely good load and line regula- 
tion (.05% typ.) and a very low output voltage temperature 
coefficient, making the part useful as a low-power voltage 
reference. 

Features 

■ 5V, 3V, and 3.3V versions available 

■ High accuracy output voltage 

■ Guaranteed 100 mA output current 

■ Extremely low quiescent current 

■ Low dropout voltage 

■ Extremely tight load and line regulation 

■ Very low temperature coefficient 

■ Use as Regulator or Reference 

■ Needs minimum capacitance for stability 

■ Current and Thermal Limiting 

LP2951 versions only 

u Error flag warns of output dropout 

■ Logic-controlled electronic shutdown 

■ Output programmable from 1 .24 to 29V 


Block Diagram and Typical Applications 


LP2950/A-XX 


LP2951/A-XX 
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Connection Diagrams 


TO-92 Plastic Package (Z) 
OUTPUT^ "V, INPUT 

W 

Bottom View 


TL/H/8546-2 


Order Number LP2950ACZ-3.0, LP2950CZ-3.0, 
LP2950ACZ-3.3, LP2950CZ-3.3 LP2950ACZ-5.0 
or LP2950CZ-5.0 


See NS Package Number Z03A 


Dual-In-Line Packages (N, J) 
Surface-Mount Package (M) 


OUTPUT — 
SENSE — 
SHUTDOWN — 
GROUND — 


— INPUT 
7 

— FEEDBACK 



ERROR 


TL/H/8546-26 


Top View 


Order Number LP2951CJ, LP2951ACJ, LP2951J, 
LP2951J/883 or 5962-3870501 MPA 
See NS Package Number J08A 


Order Number LP2951ACN, LP2951CN, LP2951ACN-3.0, 
LP2951CN-3.0, LP2951 ACN-3.3 or LP2951CN-3.3 
See NS Package Number N08E 


Order Number LP2951ACM, LP2951CM, 
LP2951ACM-3.0, LP2951CM-3.0, 
LP2951ACM-3.3 or LP2951CM-3.3 
See NS Package Number M08A 


Metal Can Package (H) 


INPUT 



TL/H/8546-19 

Top View 

Order Number LP2951H/883 or 
5962-387050 1 MG A 
See NS Package Number H08C 


Leadless Chip Carrier (E) 

OUTPUT INPUT 


SENSE 

SHUTDOWN 



Top View 


TL/H/8546-24 


Order Number LP2951E/883 or 5962-3870501 M2A 
See NS Package Number E20A 
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Ordering Information 




Output Voltage 

racivage 

3.0V 

3.3V 

TO-92 (Z) 

LP2950ACZ-3.0 

LP2950CA-3.0 

LP2950ACZ-3.3 

LP2950CZ-3.3 

N (N-08E) 

LP2951 ACN-3.0 
LP2951CN-3.0 

LP2951 ACN-3.3 

LP2951CN-3.3 

M (M08A) 

LP2951 ACM-3.0 

LP2951CM-3.0 

LP2951 ACM-3.3 
LP2951CM-3.3 

J (J08A) 




H (H08C) 
E (E20A) 


5J0V 

LP2950ACZ-5.0 

LP2950CZ-5.0 

LP2951ACN 
LP2950CN 

LP2951 ACM 
LP2951CM 

LP2951ACJ 

LP2951CJ 

LP2951J 
LP2951 J/883 
5926-3870501 MPA 

LP2951 H/883 
5962-3870501 MGA 

LP2951 E/883 
5962-3870501 M2A 


Temperature 

fC) 

-40 < Tj < 125 
-40 <Tj < 125 
-40 < Tj < 125 
-40 < Tj < 125 

-55 < Tj < 150 

-55 < Tj < 150 
-55 < Tj < 150 





Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Input Supply Voltage - 0.3 to + 30V 

please contact the National Semiconductor Sales Feedback Input Voltage -1.5to+30V 

Office/Distributors for availability and specifications. (Notes 9 and 10) 

Power Dissipation Internally Limited Shutdown Input Voltage — 0.3 to + 30V 

Lead Temp. (Soldering, 5 seconds) 260°C (Note 9) 

Storage T emperature Range - 65° to + 1 50°C Error Comparator Output 

Operating Junction Temperature Range (Note 8) Voltage (Note 9) -0.3 to +30V 

LP2951 -55° to + 150°C ESD Rating is to be determined. 

LP2950AC-XX, LP2950C-XX, 

LP2951AC-XX, LP2951C-XX -40° to T 125°C 

Electrical Characteristics (Notei) 

Parameter 

Conditions 

(Note 2) 

LP2951 

LP2950AC-XX 

LP2951AC-XX 

LP2950C-XX 

LP2951C-XX 

Units 

Typ 

Tested 

Limit 

(Notes 3, 16) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

3V VERSIONS (Note 17) 

Output Voltage 

Tj = 25°C 

3.0 

3.015 

2.985 

3.0 

3.015 

2.985 


3.0 

3.030 

2.970 


V max 

V min 

— 25°C <; Tj ^ 85°C 

3.0 


3.0 


3.030 

2.970 

3.0 


3.045 

2.955 

V max 

V min 

Full Operating 

Temperature Range 

3.0 

3.036 

2.964 

3.0 


3.036 

2.964 

3.0 


3.060 

2.940 

V max 

V min 

Output Voltage 

100 juA ^ l|_ ^ 100 mA 

T J ^ Tjmax 

3.0 

3.045 

2.955 

3.0 


3.042 

2.958 

3.0 


3.072 

2.928 

V max 

V min 

3.3V VERSIONS (Note 17) 

Output Voltage 

Tj = 25°C 

3.3 

3.317 

3.284 

3.3 

3.317 

3.284 


3.3 

3.333 

3.267 


V max 

V min 

— 25°C ^ Tj ^ 85°C 

3.3 


3.3 


3.333 

3.267 

3.3 


3.350 

3.251 

V max 

V min 

Full Operating 

Temperature Range 

3.3 

3.340 

3.260 

3.3 


3.340 

3.260 

3.3 


3.366 

3.234 

V max 

V min 

Output Voltage 

100 ju-A ^ II ^ 100 mA 
t j ^ Tjmax 

3.3 

3.350 

3.251 

3.3 


3.346 

3.254 

3.3 


3.379 

3.221 

V max 

V min 

5V VERSIONS (Note 17) 

Output Voltage 

Tj = 25°C 

5.0 

5.025 

4.975 

5.0 

5.025 

4.975 


5.0 

5.05 

4.95 


V max 

V min 

— 25°C ^ Tj £ 85°C 

5.0 


5.0 


5.05 

4.95 

5.0 


5.075 

4.925 

V max 

V min 

Full Operating 

Temperature Range 

5.0 

5.06 

4.94 

5.0 


5.06 

4.94 

5.0 


5.1 

4.9 

V max 

V min 

Output Voltage 

100 julA ^ li_ ^ 100 mA 

Tj ^ Tjmax 

5.0 

5.075 

4.925 

5.0 


5.075 

4.925 

5.0 


5.12 

4.88 

V max 

V min 

ALL VOLTAGE OPTIONS 

Output Voltage 
Temperature Coefficient 

(Note 12) 

20 

120 

20 


100 

50 


150 

ppm/°C 

Line Regulation 
(Note 14) 

(V 0 NOM + 1)V < V in ^ 30V 
(Note 15) 

0.03 

0.1 

0.5 

0.03 

0.1 

0.2 

0.04 

0.2 

0.4 

% max 

% max 

Load Regulation 
(Note 1 4) 

100 jwA < II ^ 100 mA 

0.04 

0.1 

0.3 

0.04 

0.1 

0.2 

0.1 

0.2 

0.3 

% max 

% max 

1 
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Electrical Characteristics (Note d (continued) 

Parameter 

Conditions 

(Note 2) 

LP2951 

LP2950AC-XX 

LP2951AC-XX 

LP2950C-XX 

LP2951C-XX 

Units 

Typ 

Tested 

Limit 

(Notes 3, 16) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

ALL VOLTAGE OPTIONS (Continued) 

Dropout Voltage 

l L = 100 juA 

50 

80 

50 

80 


50 

80 


mV max 

(Note 5) 



150 



150 



150 

mV max 


l L = 100 mA 

380 

450 

380 

450 


380 

450 


mV max 




600 



600 



600 

mV max 

Ground 

l L = 100 

75 

120 

75 

120 


75 

120 


fiA max 

Current 



140 



140 



140 

jaA max 


l L = 100 mA 

8 

12 

8 

12 


8 

12 


mA max 




14 



14 



14 

mA max 

Dropout 

Vj n = (VqNOM - 0.5)V 

110 

170 

110 

170 


110 

170 


jaA max 

Ground Current 

< 

o 

o 

II 


200 



200 



200 

/xA max 

Current Limit 

< 

o 

c 

II 

o 

160 

200 

160 

200 


160 

200 


mA max 




220 



220 



220 

mA max 

Thermal Regulation 

(Note 13) 

0.05 

0.2 

0.05 

0.2 


0.05 

0.2 


%/W max 

Output Noise, 

C L = 1 jaF (5V Only) 

430 


430 



430 



j ulV rms 

10 Hz to 100 KHz 

C L = 200 /aF 

160 


160 



160 



jmV rms 


C|_ = 3.3 juF 











(Bypass = 0.01 /xF 

100 


100 



100 



jitV rms 


Pins 7 to 1 (LP2951)) 










8-PIN VERSIONS ONLY 

LP2951 

LP2951AC-XX 

LP2951C-XX 


Reference 


1.235 

1.25 

1.235 

1.25 


1.235 

1.26 


V max 

Voltage 



1.26 



1.26 



1.27 

V max 




1.22 


1.22 



1.21 


V min 




1.2 



1.2 



1.2 

V min 

Reference 

(Note 7) 


1.27 



1.27 



1.285 

V max 

Voltage 



1.19 



1.19 



1.185 

V min 

Feedback Pin 


20 

40 

20 

40 


20 

40 


nA max 

Bias Current 



60 



60 



60 

nA max 

Reference Voltage 

(Note 12) 

20 


20 



50 



ppm/°C 

Temperature Coefficient 











Feedback Pin Bias 


0.1 


0.1 



0.1 



nA/°C 

Current Temperature 











Coefficient 











Error Comparator 

Output Leakage 

V 0H = 30V 

0.01 

1 

0.01 

1 


0.01 

1 


HxA max 

Current 



2 



2 



2 

jxA max 

Output Low 

V in = (VqNOM - 0.5)V 

150 

250 

150 

250 


150 

250 


mV max 

Voltage 

lOL — 400 jaA 


400 



400 



400 

mV max 

Upper Threshold 

(Note 6) 

60 

40 

60 

40 


60 

40 


mV min 

Voltage 



25 



25 



25 

mV min 

Lower Threshold 

(Note 6) 

75 

95 

75 

95 


75 

95 


mV max 

Voltage 



140 



140 



140 

mV max 

Hysteresis 

(Note 6) 

15 


15 



15 



mV 
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Electrical Characteristics (Note i) (continued) 




LP2951 

LP2951AC-XX 

LP2951C-XX 


Parameter 

Conditions 

(Note 2) 

Typ 

Tested 

Limit 

(Notes 3, 16) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

Typ 

Tested 

Limit 

(Note 3) 

Design 

Limit 

(Note 4) 

Units 


8-PIN VERSIONS ONLY (Continued) 


Shutdown Input 


Input 

Logic 

Voltage 

Low (Regulator ON) 
High (Regulator OFF) 

1.3 

0.6 

2.0 

1.3 


0.7 

2.0 

1.3 


0.7 

2.0 

V 

V max 

V min 

Shutdown Pin 

^shutdown = 2.4V 

30 

50 

30 

50 


30 

50 


jliA max 

Input Current 



100 



100 



100 

jliA max 


^shutdown = 20V 

450 

600 

450 

600 


450 

600 


juA max 




750 



750 



750 

jiiA max 

Regulator Output 

(Note 11) 

3 

10 

3 

10 


3 

10 


fxA max 

Current in Shutdown 



20 



20 



20 

jiiA max 


Note 1: Boldface limits apply at temperature extremes. 

Note 2: Unless otherwise specified all limits guaranteed for Tj — 25°C, Vj n = (VqNOM + 1)V, II = 100 jliA and C|_ = 1 ju.F for 5V versions, and 2.2 juF for 3V and 
3.3V versions. Additional conditions for the 8-pin versions are Feedback tied to Vjap, Output tied to Output Sense and V S h U tdown ^ 0.8V. 

Note 3: Guaranteed and 1 00% production tested. 

Note 4: Guaranteed but not 1 00% production tested. These limits are not used to calculate outgoing AQL levels. 

Note 5: Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value measured at IV differential. 
At very low values of programmed output voltage, the minimum input supply voltage of 2 V (2.3V over temperature) must be taken into account. 

Note 6: Comparator thresholds are expressed in terms of a voltage differential at the Feedback terminal below the nominal reference voltage measured at 
Vjn = (VoNOM + 1)V. To express these thresholds in terms of output voltage change, multiply by the error amplifier gain = V out /V re f = (R1 + R2)/R2. 
For example, at a programmed output voltage of 5V, the Error output is guaranteed to go low when the output drops by 95 mV x 5V/ 1.235V = 384 mV. 
Thresholds remain constant as a percent of V out as Vout is varied, with the dropout warning occurring at typically 5% below nominal, 7.5% guaranteed. 
Note 7: V ref <; V out ^ (V in - IV), 2.3V <; V in ^ 30V, 100 juA £ l L 100 mA, Tj <; Tjmax- 

Note 8: The junction-to-ambient thermal resistance of the TO-92 package is 180°C/W with 0.4" leads and 160°C/W with 0.25" leads to a PC board. The thermal 
resistance of the 8-pin DIP packages is 105°C/W for the molded plastic (N) and 130°C/W for the cerdip (J) junction to ambient when soldered directly to a PC 
board. Thermal resistance for the metal can (H) is 160°C/W junction to ambient and 20°C/W junction to case. Junction to ambient thermal resistance for the S.O. 
(M) package is 1 60°C/W. Thermal resistance for the leadless chip carrier (E) package is 95°C/W junction to ambient and 24°C/W junction to case. 

Note 9: May exceed input supply voltage. 

Note 10: When used in dual-supply systems where the output terminal sees loads returned to a negative supply, the output voltage should be diode-clamped to 
ground. 

Note 11: V S hutdown ^ 2V, v in ^ 30V . V out = 0, Feedback pin tied to Vtap- 

Note 12: Output or reference voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range. 

Note 13: Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding load or line regulation 
effects. Specifications are for a 50 mA load pulse at Vin = 30V (1 .25W pulse) for T = 10 ms. 

Note 14: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are 
covered under the specification for thermal regulation. 

Note 15: Line regulation for the LP2951 is tested at 150°C for II = 1 mA. For l|_ = 100 ju,A and Tj = 125°C, line regulation is guaranteed by design to 0.2%. See 
Typical Performance Characteristics for line regulation versus temperature and load current. 

Note 16: A Military RETS spec is available on request. At time of printing, the LP2951 RETS spec complied with the boldface limits in this column. The LP2951H, E, 
or J may also be procured as Standard Military Drawing Spec #5962-3870501 MG A, M2A, or MPA. 

Note 17: All LP2950 devices have the nominal output voltage coded as the last two digits of the part number. In the LP2951 products, the 3.0V and 3.3V versions 
are designated by the last two digits, but the 5V version is denoted with no code at this location of the part number (refer to ordering information table). 
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Typical Performance Characteristics (Continued) 


LP2951 

Minimum Operating Voltage 



■75 -50-25 0 25 50 75 100125 150 
TEMPERATURE (°C) 


LP2951 



-75 -50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


LP2951 

Error Comparator Output 



0 12345678 

INPUT VOLTAGE (V) 


LP2951 

Comparator Sink Current 



0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
OUTPUT LOW VOLTAGE (V) 


Load Transient Response 



Load Transient Response 



TIME (ms) 


TIME (ms) 



Ripple Rejection 



10 1 10 2 10 3 10 4 1 <£ 10 6 
FREQUENCY (Hz) 


LP2951 

Feedback Pin Current 



•2.0 -1.5 -1.0 -0.5 0 0.5 1.0 


FEEDBACK VOLTAGE (V) 


Line Transient Response 



0 200 400 600 800 

TIME (fi s) 


LP2951 

Enable Transient 



-100 0 100 200 300 400 500 600 700 

TIME (ms) 


Ripple Rejection 



FREQUENCY (Hz) 

TL/H/8546-4 
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Typical Performance Characteristics (Continued) 



10 1 10 2 10 3 10 4 10 5 icP 

FREQUENCY (Hz) 


LP2951 Output Noise 



FREQUENCY (Hz) 


LP2951 Divider Resistance 



-75 -50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Shutdown Threshold Voltage 



-75 -50-25 0 25 50 75 100 125 150 


TEMPERATURE (°C) 


Line Regulation 



5 10 15 20 25 30 


INPUT VOLTAGE (V) 


LP2951 Maximum 
Rated Output Current 




LP2950 Maximum 


Rated Output Current 



0 5 10 15 20 25 30 


INPUT VOLTAGE (V) 


Application Hints 

EXTERNAL CAPACITORS 

A 1 .0 jaF (or greater) capacitor is required between the out- 
put and ground for stability at output voltages of 5V or more. 
At lower output voltages, more capacitance is required 
(2.2 julF or more is recommended for 3V and 3.3V versions). 
Without this capacitor the part will oscillate. Most types of 
tantalum or aluminum electrolytics work fine here; even film 
types work but are not recommended for reasons of cost. 
Many aluminum electrolytics have electrolytes that freeze at 
about — 30°C, so solid tantalums are recommended for op- 
eration below -25°C. The important parameters of the ca- 
pacitor are an ESR of about 5 ft or less and a resonant 
frequency above 500 kHz. The value of this capacitor may 
be increased without limit. 

At lower values of output current, less output capacitance is 
required for stability. The capacitor can be reduced to 



0 10 20 30 40 50 

TIME (jus) 


TL/H/8546-5 


0.33 jliF for currents below 10 mA or 0.1 jliF for currents 
below 1 mA. Using the adjustable versions at voltages be- 
low 5V runs the error amplifier at lower gains so that more 
output capacitance is needed. For the worst-case situation 
of a 100 mA load at 1.23V output (Output shorted to Feed- 
back) a 3.3 jllF (or greater) capacitor should be used. 

Unlike many other regulators, the LP2950 will remain stable 
and in regulation with no load in addition td the internal volt- 
age divider. This is especially important in CMOS RAM 
keep-alive applications. When setting the output voltage of 
the LP2951 versions with external resistors, a minimum load 
of 1 juA is recommended. 

A 1 jaF tantalum or aluminum electrolytic capacitor should 
be placed from the LP2950/LP2951 input to ground if there 
is more than 1 0 inches of wire between the input and the AC 
filter capacitor or if a battery is used as the input. 
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Application Hints (Continued) 

Stray capacitance to the LP2951 Feedback terminal can 
cause instability. This may especially be a problem when 
using high value external resistors to set the output voltage. 
Adding a 100 pF capacitor between Output and Feedback 
and increasing the output capacitor to at least 3.3 jwF will fix 
this problem. 

ERROR DETECTION COMPARATOR OUTPUT 

The comparator produces a logic low output whenever the 
LP2951 output falls out of regulation by more than approxi- 
mately 5%. This figure is the comparator’s built-in offset of 
about 60 mV divided by the 1 .235 reference voltage. (Refer 
to the block diagram in the front of the datasheet.) This trip 
level remains “5% below normal” regardless of the pro- 
grammed output voltage of the 2951 . For example, the error 
flag trip level is typically 4.75V for a 5V output or 1 1 .4V for a 
12V output. The out of regulation condition may be due ei- 
ther to low input voltage, current limiting, or thermal limiting. 
Figure 1 below gives a timing diagram depicting the ERROR 
signal and the regulated output voltage as th e LP2951 input 
is ramped up and down. For 5V versions, the ERROR signal 
becomes valid (low) at about 1.3V input. It goes high at 
about 5V input (the input voltage at which Vout = 4.75). 
Since the LP2951 ’s dropout voltage is load-dependent (see 
curve in typical performance characteristics), the input vQlt- 
age trip point (about 5V) will vary with the load current. The 
output voltage trip point (approx. 4.75V) does not vary with 
load. 

The error comparator has an open-collector output which 
requires an external pullup resistor. This resistor may be 
returned to the output or some other supply voltage de- 
pending on system requirements. In determining a value for 
this resistor, note that while the output is rated to sink 
400 jutA, this sink current adds to battery drain in a low bat- 
tery condition. Suggested values range from 100k to 1 Mfl. 
The resistor is not required if this output is unused. 

PROGRAMMING THE OUTPUT VOLTAGE (LP2951) 

The LP2951 may be pin-strapped for the nominal fixed out- 
put voltage using its internal voltage divider by tying the 
output and sense pins together, and also tying the feedback 
and Vjap pins together. Alternatively, it may be pro- 
grammed for any output voltage between its 1 .235 V refer- 
ence and its 30V maximum rating. As seen in Figure 2, an 
external pair of resistors is required. 



■“When V|n ^ 1 .3 V, the error flag pin becomes a high impedance, and the 
error flag voltage rises to its pull-up voltage. Using Vout as the pull-up 
voltage (see Figure 2), rather than an external 5V source, will keep the error 
flag voltage under 1 ,2V (typ.) in this condition. The user may wish to divide 
down the error flag voltage using equal-value resistors (10 kfl suggested), to 
ensure a low-level logic signal during any fault condition, while still allowing a 
valid high logic level during normal operation. 

FIGURE 1. ERROR Output Timing 


The complete equation for the output voltage is 
VOUT = V REF # (l + ^ + 'fbRi 

where Vref is the nominal 1.235 reference voltage and Irb 
is the feedback pin bias current, nominally -20 nA. The 
minimum recommended load current of 1 jaA forces an up- 
per limit of 1 .2 MH on the value of R 2 , if the regulator must 
work with no load (a condition often found in CMOS in 
standby). Irb will produce a 2% typical error in Vqut which 
may be eliminated at room temperature by trimming R-j. For 
better accuracy, choosing R 2 = 1 00k reduces this error to 
0.17% while increasing the resistor program current to 
12 juA Since the LP2951 typically draws 60 jxA at no load 
with Pin 2 open-circuited, this is a small price to pay. 

REDUCING OUTPUT NOISE 

In reference applications it may be advantageous to reduce 
the AC noise present at the output. One method is to reduce 
the regulator bandwidth by increasing the size of the output 
capacitor. This is the only way noise can be reduced on the 
3 lead LP2950 but is relatively inefficient, as increasing the 
capacitor from 1 ju,F to 220 juF only decreases the noise 
from 430 ;aV to 160 juV rms for a 100 kHz bandwidth at 5V 
output. 

Noise can be reduced fourfold by a bypass capacitor ac- 
cross Ri, since it reduces the high frequency gain from 4 to 
unity. Pick 

CbyPASS - 2ttR 1 • 200 Hz 

or about 0.01 jitF. When doing this, the output capacitor 
must be increased to 3.3 jmF to maintain stability. These 
changes reduce the output noise from 430 ju,V to 100 j mV 
rms for a 1 00 kHz bandwidth at 5V output. With the bypass 
capacitor added, noise no longer scales with output voltage 
so that improvements are more dramatic at higher output 
voltages. 



*See Application Hints 

Vout = v Re , (1 + Sa) 

** Drive with TTL-high to shut down. Ground or leave open if shutdown fea- 
ture is not to be used. 

Note: Pins 2 and 6 are left open. 
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Typical Applications (Continued) 


Regulator with Early Warning 
and Auxiliary Output 

18 I 2 M I 



+ V, N 

SENSE 

6 

V TAP 

V 0UT 



LP2951 


rp 

#1 

7 

r d 

ERROR 

GND 


SUPPLY 



+ V IN 

SENSE 

V TAP 

V 0UT 

FB 

LP2951 


#2 

SD 

ERROR 


GND 


:i a»f 


T 


TL/H/8546-11 

■ Early warning flag on low input voltage 

■ Main output latches off at lower input voltages 

■ Battery backup on auxiliary output 

Operation: Reg. # 1 ’s V out is programmed one diode drop above 5V. Its error 
flag becomes active when Vj n ^ 5.7V. When Vj n drops below 5.3V, the error 
flag of Reg. #2 becomes active and via Q1 latches the main output off. 
When Vj n again exceeds 5.7V Reg. # 1 is back in regulation and the early 
warning signal rises, unlatching Reg. #2 via D3. 


Latch Off When Error Flag Occurs 



2 Ampere Low Dropout Regulator 



For 5V out , use internal resistors. Wire pin 6 to 7, & wire pin 2 to + V out Buss. 

5V Regulator with 2.5V Sleep Function 



*High input lowers V ou t to 2.5 V TL/H/8546-14 

Open Circuit Detector for 
4 —► 20 mA Current Loop 


+ 5V 
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Typical Applications (Continued) 


System Overtemperature Protection Circuit 

+ V|N 



TL/H/8546-18 

LM34 for 125°F Shutdown 
LM35 for 1 25°C Shutdown 
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National Semiconductor 


LM2984 Microprocessor Power Supply System 


General Description 

The LM2984 positive voltage regulator features three inde- 
pendent and tracking outputs capable of delivering the pow- 
er for logic circuits, peripheral sensors and standby memory 
in a typical microprocessor system. The LM2984 includes 
circuitry which monitors both its own high-current output and 
also an external juP. If any error conditions are sensed in 
either, a reset error flag is set and maintained until the mal- 
function terminates. Since these functions are included in 
the same package with the three regulators, a great saving 
in board space can be realized in the typical microprocessor 
system. The LM2984 also features very low dropout volt- 
ages on each of its three regulator outputs (0.6V at the rat- 
ed output current). Furthermore, the quiescent current can 
be reduced to 1 mA in the standby mode. 

Designed also for vehicular applications, the LM2984 and 
all regulated circuitry are protected from reverse battery in- 
stallations or 2-battery jumps. Familiar regulator features 
such as short circuit and thermal overload protection are 


also provided. Fixed outputs of 5 V are available in the plas- 
tic TO-220 power package. 

Features 

■ Three low dropout tracking regulators 

■ Output current in excess of 500 mA 

■ Fully specified for -40°C to +125°C operation 

■ Low quiescent current standby regulator 

■ Microprocessor malfunction RESET flag 

■ Delayed RESET on power-up 

■ Accurate pretrimmed 5V outputs 

■ Reverse battery protection 

■ Overvoltage protection 

■ Reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ ON/OFF switch for high current outputs 

■ P+ Product Enhancement tested 


Typical Application Circuit 


VlN 



Order Number LM2984T 
See NS Package Number TA11B 


possible to the regulator. This capac- 
itor must be rated over the same op- 
erating temperature range as the 
regulator. The equivalent series re- 
sistance (ESR) of this capacitor is 
critical; see curve. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Internal Power Dissipation Internally Limited 

please contact the National Semiconductor Sales Operating Temperature Range (Ta) — 40°Cto +125°C 
Office/Distributors for availability and specifications. Maximum Junction Temperature (Nole 1} 150 »C 

Input Voltage Storage Temperature Range -65'Cto +150°C 

Survival Voltage (<100 ms) 60V a * 

Operational Voltage 26V Lead T emperature (Soldering, 1 0 sec.) 230°C 

ESD Susceptability (Note 3) 2000V 

Electrical Characteristics 

Vin = 14V, Iqut = 5 mA, c OUT = 10 jaF, unless otherwise indicated. Boldface type refers to limits over the entire operating 
temperature range, -40°C < Ta < + 125°C, all other limits are for Ta = Tj = 25°C (Note 6). 


VQUT(PinH) 

Output Voltage 

Line Regulation 

Load Regulation 
Output Impedance 

Quiescent Current 

Output Noise Voltage 
Long Term Stability 
Ripple Rejection 
Dropout Voltage 

Current Limit 

Maximum Operational 
Input Voltage 

Maximum Line Transient 

Reverse Polarity 
Input Voltage DC 

Reverse Polarity Input 
Voltage Transient 


Conditions 


5 mA < Iq < 500 mA 

6V < V|n_£ 26V 

9V < V| N < 16V 

7V < V| N < 26V 

5 mA < loUT ^ 500 mA 

250 mAd C and 1 0 rnA rms , 

f 0 = 120 Hz 

Iout = 500 mA 
Iout = 250 mA 

10 Hz- 100 kHz, Iqut = 100 mA 

f 0 = 120 Hz 

Iout = 500 mA 
Iout ~ 250 mA 

Continuous DC 

Vout ^ 6V, Rout = lOOfi, T < loo ms 
^out ^ — 0.6V, Rout = loon 

T < ioo ms, Rqut = ioon 


Limit 
(Note 2) 


5.00 

4.85/4.75 

5.15/5.25 

2 

25/25 

5 

50/50 

12 

50/50 

24 


38 

100/100 

14 

50/50 

100 


20 


70 

60/50 

0.53 

0.80/1.1 

0.28 


0.92 

0.75/0.60 

32 

26/26 

65 

60/60 

-30 

— 15/ — 15 

-55 

-35/ -35 


mA max 

mA max 

J*V 

mV/ 1000 hr 
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Electrical Characteristics (continued) 

Vin = 14V, Ibuf = 5 mA, Cb U f =10 jaF, unless otherwise indicated. Boldface type refers to limits over the entire operating 
temperature range, -40°C ^ Ta ^ +125°C, all other limits are for Ta — Tj = 25°C (Note 6). 

Parameter 

Conditions 

Typical 

Limit 
(Note 2) 

Units 

Vbuffer(PinlO) 

Output Voltage 

5 mA ^ Iq ^ 100 mA 

6V ^ V 1N £ 26V 

5.00 

4.85/4.75 

5.15/5.25 

Vmin 

Vmax 

Line Regulation 

9V ^ V )N ^ 16V 

2 

25/25 

m Vmax 

7 V ^ V| N £ 26V 

5 

50/50 

m V max 

Load Regulation 

5 mA ^ Ibuf ^ 100 mA 

15 

50/50 

m Vmax 

Output Impedance 

50 mAbc and 1 0 m A rms , 
f 0 = 120 Hz 

200 


mi) 

Quiescent Current 

Ibuf = 1 00 mA 

8.0 

15/15 

m Amax 

Output Noise Voltage 

10 Hz- 100 kHz, Iqut = 100 mA 

100 


f*V 

Long Term Stability 


20 


mV/ 1000 hr 

Ripple Rejection 

f 0 = 120 Hz 

70 

60/50 

dB m j n 

Dropout Voltage 

Ibuf = 1 00 m A 

0.35 

0.50/0.80 

Vmax 

Current Limit 


0.23 

0.15/0.15 

Amin 

Maximum Operational 
Input Voltage 

Continuous DC 

32 

26/26 

Vmin 

Maximum Line 

Transient 

Vbuf ^ ev, Rbuf = iooa 

T ^ 100 ms 

65 

60/60 

Vmin 

Reverse Polarity 

Input Voltage DC 

V bu f ^ - 0 . 6 V, R bu f = ioon 

-30 

— 15/ — 15 

Vmin 

Reverse Polarity Input 
Voltage Transient 

T ^ 100 ms, Rbuf = 100H 

-55 

-35/ -35 

Vmin 

Electrical Characteristics 

Vin = 14V, l s tby = 1 mA, C s tby = 10 jllF, unless otherwise indicated. Boldface type refers to limits over the entire operating 
temperature range, -40°C ^ Ta ^ + 125°C, all other limits are for Ta = Tj = 25°C (Note 6). 

Parameter 

Conditions 

Typical 

Limit 
(Note 2) 

Units 

^standby (P* n 9) 

Output Voltage 

1 mA ^ lo ^ 7.5 mA 

6V ^ V| N ^ 26 V 

5.00 

4.85/4.75 

5.15/5.25 

Vmin 

Vmax 

Line Regulation 

9V ^ V; N ^ 16V 

2 

25/25 

m Vmax 

7V ^ V|jsi ^ 26 V 

5 

50/50 

m V max 

Load Regulation 

0.5 mA <; loUT ^ 7.5 mA 

6 

50/50 

m V max 

Output Impedance 

5 rnAdc and 1 mA rms , f 0 = 120 Hz 

0.9 


n 

Quiescent Current 

l stb y = 7.5 mA 

1.2 

2. 0/4.0 

m Amax 

lstby = 2 mA 

0.9 

1. 5/4.0 

m A max 
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Electrical Characteristics (Continued) 

V|n = 14V, Igtby — 1 rnA, C s tby —10 jllF, unless otherwise indicated. Boldface type refers to limits over the entire operating 
temperature range, -40°C ^ Ta ^ + 125°C, all other limits are for Ta = Tj = 25°C (Note 6). 

Parameter 

Conditions 

Typical 

Limit 
(Note 2) 

Units 

Vstandby (Pin 9) (Continued) 

Output Noise Voltage 

10 Hz- 100 kHz, l s tby = 1 mA 

100 


/iV 

Long Term Stability 


20 


mV/ 1000 hr 

Ripple Rejection 

f Q = 120 Hz 

70 

60/50 

dBmin 

Dropout Voltage 

lstby = 1 mA 

0.26 

0.50/0.60 

Vmax 

lstby == 7-5 mA 

0.38 

0.60/0.70 

Vmax 

Current Limit 


15 

12/12 

mA m j n 

Maximum Operational 

Input Voltage 

4.5V ^ V s tby ^ 6V, 

R s tby = 1 000ft 

65 

60/60 

Vmin 

Maximum Line 

Transient 

Vstby ^ 6V, T ^ 1 00 ms, 

Rstby “ 1000ft 

65 

60/60 

Vmin 

Reverse Polarity 

Input Voltage DC 

Vstby * -0.6V, 

Rstby — 1000ft 

-30 

— 15/ — 15 

Vmin 

Reverse Polarity Input 
Voltage Transient 

T ^ 100 ms, R s tby = 1000ft 

-55 

— 35/ — 35 

Vmin 

Electrical Characteristics 

V|n = 14V, Cout = 10 m-F, Cbut = 10 julF, C s tby = 10 /xF, unless otherwise indicated. Boldface type refers to limits over the 
entire operating temperature range, -40°C ^ Ta ^ +125°C, all other limits are for Ta = Tj = 25°C (Note 6). 

Parameter 

Conditions 

Typical 

Limit 
(Note 2) 

Units 

Tracking and Isolation 

Tracking 

VoUT- v stby 

Iqut ^ 500 mA, Ibuf = 5 mA, 
l s tby ^ 7.5 mA 

±30 

±100/±100 

mV max 

Tracking 

Vbuf - Vstby 

Iqut = 5 mA, Ibuf ^ 1 00 mA, 

^stby ^7.5 mA 

±30 

±100/±100 

mV max 

Tracking 

VoUT“Vbuf 

Iqut ^ 500 mA, Ibuf ^100 mA, 
lstby = 1 mA 

±30 

±100/±100 

mV max 

Isolation* 

Vbut from Vout 

Rout = ift, ibuf ^ ioo mA 

5.00 

4.50/4.50 

5.50/5.50 

Vmin 

Vmax 

Isolation* 

V s tby from Vqut 

Rout = 1ft. lstby ^ 7.5 mA 

5.00 

4.50/4.50 

5.50/5.50 

Vmin 

Vmax 

Isolation* 

Vout from v bU f 

Rbuf = 1ft, loUT ^ 500 mA 

5.00 

4.50/4.50 

5.50/5.50 

Vmin 

Vmax 

Isolation* 

Vstby from Vbut 

Rbuf = 1ft, lstby ^7.5 mA 

5.00 

4.50/4.50 

5.50/5.50 

Vmin 

Vmax 

* Isolation refers to the ability of the specified output to remain within the tested limits when the other output is shorted to ground. 
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Electrical Characteristics (continued) 

V|n = 14V, Iout = 5 mA > Ibuf = 5 mA > 'stby = 5 mA > R t = 130 kfl, C t = 0.33 jaF, C mon = 0.47 jixF, unless otherwise indicated, 
Boldface type refers to limits over the entire operating temperature range, -40°C ^ Ta ^ + 125°C, all other limits are for Ta = 

Tj = 25°C (Note 6) 

Parameter 

Conditions 

Typical 

Limit 
(Note 2) 

Units 

Computer Monitor/Reset Functions 

1 reset Low 

< 

z 

II 

< 

< 

GO 

II 

o 

< 

5 

2/0.50 

mA rnin 

Vreset Low 

V|N = 4V, l rst = 1 mA 

0.10 

0.40/0.40 

Vmax 

R t voltage 

(Pin 2) 

1.22 

1.15/0.75 

Vmin 

1.22 

1.30/2.00 

Vmax 

Power On Reset 

Delay 

VjuPmon = 5V 
(T dly = 1-2 R t C t ) 

50 

45/17.0 

ms min 

50 

55/80.0 

ms max 

AVqut Low 

Reset Threshold 

(Note 4) 

-350 

-225/- 175 

m V m j n 

-500/ -550 

m V max 

AVqut High 

Reset Threshold 

(Note 4) 

600 

225/175 

mV min 

750/800 

m Vmax 

Reset Output 

Leakage 

VjuPmon = 5V, V rst = 12V 

0.01 

1/5.0 

f^Amax 

M'Pmon Input 

Current (Pin 4) 

V|aP m on = 2.4V 

7.5 

25/25 

f^Amax 

V^P mon = 3.4V 

0.01 

10/15 

Z^Amax 

M-P mon Input 

Threshold Voltage 


1.22 

0.80/0.80 

Vmin 

1.22 

2. 00/2.00 

Vmax 

ju.P Monitor Reset 
Oscillator Period 

V/aP mon = 3V 
("^window = 3.82 RfCmon) 

50 

45/30 

ms min 

50 

55/70 

ms max 

jliP Monitor Reset 
Oscillator Pulse Width 

V/aP mon = 3 V 
(RESET pw = 2000 C mon ) 

1.0 

0. 7/0.4 

ms rnin 

1.0 

1.3/2.10 

ms max 

Minimum jaP Monitor 

Input Pulse Width 

(Note 5) 

2 


JUS 

Reset Fall Time 

Rrst = 13k, V rs t = 5V, C rs t ^10 pF 

0.20 

1.00/1.00 

^ s max 

Reset Rise Time 

Rrst = 13k, V r st = 5V, C rs t ^10 pF 

0.60 

1.00/1.50 

^ s max 

On/Off Switch Input 
Current (Pin 8) 

Von = 2.4V 

7.5 

25/25 

M-A max 

Vqn = 0.4V 

0.01 

10/10 

/J'Amax 

On/Off Switch Input 
Threshold Voltage 


1.22 

0.80/0.80 

Vmin 

1.22 

2.00/2.00 

Vmax 

Note 1: Thermal resistance without a heatsink for junction-to-case temperature is 3°C/W. Thermal resistance case-to-ambient is 40°C/W. 

Note 2: Tested Limits are guaranteed and 100% production tested. 

Note 3: Human body model, 100 pF capacitor discharged through a 1500ft resistor. 

Note 4: Internal comparators detect when the main regulator output (Vout) changes from the measured output voltage (with V|n = 14V) by the specified amount, 
AVqut High or AVqut Low, and set the Reset Error Flag low. The Reset Error Flag is held low until Vqut returns to regulation. The Reset Error Flag is then 
allowed to go high again after a delay set by R t and C t . (see application section). 

Note 5: This parameter is a measure of how short a pulse can be detected at the jmP Monitor Input. This parameter is primarily influenced by the value of C mon . 

(See Application Hints Section.) 

Note 6: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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Block Diagram 


ON/OFF SWITCH 



n 


XT 

V| N 

i 

□I 

5V, 7.5 mA 

U T 1 

REGULATOR 



C 0UT 


: C STBY 


n 

r 


5 V, 100 mA 



REGULATOR 


/zP MONITOR O- 



TL/H/1 1252-2 


Pin Description 


Pin No. 

Pin Name 

Comments 

1 

V|N 

Positive supply input voltage 

2 

Rt 

Sets internal timing currents 

3 

c t 

Sets power-up reset delay timing 

4 

mon 

Microcomputer monitor input 

5 

Cmon 

Sets julC monitor timing 

6 

Ground 

Regulator ground 

7 

Reset 

Reset error flag output 

8 

ON/OFF 

Enables/disables high current regulators 

9 

^standby 

Standby regulator output (7.5 mA) 

10 

^buffer 

Buffer regulator output (100 mA) 

11 

v OUT 

Main regulator output (500 mA) 


External Components 


Component 

Typical Value 

Component Range 

Comments 

C|N 

1 j*F 

0.47 jaF-IOjuF 

Required if device is located far from power supply filter. 

Rt 

130k 

24k-510k 

Sets internal timing currents. 

c t 

0.33 jxF 

0.033 juF-3.3 ju,F 

Sets power-up reset delay. 

Ctc 

0.01 juF 

0.001 ju.F-0.1 jaF 

Establishes time constant of AC coupled computer monitor. 

R tc 

10k 

7T 

1 

o 

o 

7T 

Establishes time constant of AC coupled computer monitor. (See 
applications section.) 

Cmon 

0.47 juiF 

0.047 juF-4.7 jaF 

Sets time windpw for computer monitor. Also determines period and pulse 
width of computer malfunction reset. (See applications section.) 

R rst 

10k 

5k- 100k 

Load for open collector reset output. Determined by computer reset input 
requirements. 

Cstby 

10 jaF 

10 jxF-no bound 

A 1 0 jllF is required for stability but larger values can be used to maintain 
regulation during transient conditions. 

Cbuf 

10 /xF 

10 jaF-no bound 

A 1 0 jxF is required for stability but larger values can be used to maintain 
regulation during transient conditions. 

c OUT 

10 juF 

10 jmF-no bound 

A 1 0 jutF is required for stability but larger values can be used to maintain 
regulation during transient conditions. 
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Typical Circuit Waveforms 
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TL/H/1 1252-3 


MAIN OUTPUT 
BUFFER OUTPUT 
STANDBY OUTPUT 
ON/OFF SWITCH 
RESET ERROR FLAG 
GROUND 

fjL? MONITOR CAPACITOR 
H? MONITOR INPUT 
TIMING CAPACITOR 
TIMING RESISTOR 
INPUT VOLTAGE 


TL/H/1 1252-4 


Order Number LM2984T 
See NS Package Number TA1 1 B 
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OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) QUIESCENT CURRENT (mA) QUIESCENT CURRENT (mA) 



0 1 2 3 4 5 6 7 

INPUT VOLTAGE (V) 


0 1 2 3 4 5 6 7 

INPUT VOLTAGE (V) 


012345678 
INPUT VOLTAGE (V) 
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Typical Performance Characteristics (Continued) 


Line Transient 
Response (Vqut) 
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TL/H/1 1252-7 
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Typical Performance Characteristics (Continued) 

Output Voltage 



Device Dissipation vs 
Ambient Temperature 



JUNCTION TEMPERATURE (°C) 

TL/H/1 1252-8 


AMBIENT TEMPERATURE (°C) 

TL/H/1 1252-9 
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Output Capacitor ESR 
(Main Output, Pin 11) 
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Application Hints 

OUTPUT CAPACITORS 

The LM2984 output capacitors are required for stability. 
Without them, the regulator outputs will oscillate, sometimes 
by many volts. Though the 10 julF shown are the minimum 
recommended values, actual size and type may vary de- 
pending upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also affects the 
1C stability. Since ESR varies from one brand to the next, 
some bench work may be required to determine the mini- 
mum capacitor value to use in production. Worst case is 
usually determined at the minimum ambient temperature 
and the maximum load expected. 

Output capacitors can be increased in size to any desired 
value above the minimum. One possible purpose of this 
would be to maintain the output voltages during brief condi- 
tions of negative input transients that might be characteris- 
tic of a particular system. 

Capacitors must also be rated at all ambient temperatures 
expected in the system. Many aluminum type electrolytics 
will freeze at temperatures less than — 30°C, reducing their 
effective capacitance to zero. To maintain regulator stability 
down to -40°C, capacitors rated at that temperature (such 
as tantalums) must be used. 

Each output must be terminated by a capacitor, even if it is 
not used. 

STANDBY OUTPUT 

The standby output is intended for use in systems requiring 
standby memory circuits. While the high current regulator 


outputs are controlled with the ON/OFF pin described later, 
the standby output remains on under all conditions as long 
as sufficient input voltage is supplied to the 1C. Thus, memo- 
ry and other circuits powered by this output remain unaffect- 
ed by positive line transients, thermal shutdown, etc. 

The standby regulator circuit is designed so that the quies- 
cent current to the 1C is very low (<1.5 mA) when the other 
regulator outputs are off. 

The capacitor on the output of this regulator can be in- 
creased without bound. This will help maintain the output 
voltage during negative input transients and will also help to 
reduce the noise on all three outputs. Because the other 
two track the standby output: therefore any noise reduction 
here will also reduce the other two noise voltages. 

BUFFER OUTPUT 

The buffer output is designed to drive peripheral sensor cir- 
cuitry in a jaP system. It will track the standby and main 
regulator within a few millivolts in normal operation. There- 
fore, a peripheral sensor can be powered off this supply and 
have the same operating voltage as the jttP system. This is 
important if a ratiometric sensor system is being used. 

The buffer output can be short circuited while the other two 
outputs are in normal operation. This protects the jllP sys- 
tem from disruption of power when a sensor wire, etc. is 
temporarily shorted to ground, i.e. only the sensor signal 
would be interrupted, while the juP and memory circuits 
would remain operational. 

The buffer output is similar to the main output in that it is 
controlled by the ON/OFF switch in order to save power in 
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Application Hints (Continued) 

the standby mode. It is also fault protected against overvolt- 
age and thermal overload. If the input voltage rises above 
approximately 30V (e.g. load dump), this output will auto- 
matically shut down. This protects the internal circuitry and 
enables the 1C to survive higher voltage transients than 
would otherwise be expected. Thermal shutdown is neces- 
sary since this output is one of the dominant sources of 
power dissipation in the 1C. 

MAIN OUTPUT 

The main output is designed to power relatively large loads, 
i.e. approximately 500 mA. It is therefore also protected 
against overvoltage and thermal overload. 

This output will track the other two within a few millivolts in 
normal operation. It can therefore be used as a reference 
voltage for any signal derived from circuitry powered off the 
standby or buffer outputs. This is important in a ratiometric 
sensor system or any system requiring accurate matching of 
power supply voltages. 

ON/OFF SWITCH 

The ON/OFF switch controls the main output and the buffer 
output. The threshold voltage is compatible with most logic 
families and has about 20 mV of hysteresis to insure ‘clean’ 
switching from the standby mode to the active mode and 
vice versa. This pin can be tied to the input voltage through 
a 1 0 kn resistor if the regulator is to be powered continu- 
ously. 

POWER DOWN OVERRIDE 

Another possible approach is to use a diode in series with 
the ON/OFF signal and another in series with the main out- 
put in order to maintain power for some period of time after 
the ON/OFF signal has been removed (see Figure 1). When 
the ON/OFF switch is initially pulled high through diode D1, 
the main output will turn on and supply power through diode 
D2 to the ON/OFF switch effectively latching the main out- 
put. An open collector transistor Q1 is connected to the 
ON/OFF pin along with the two diodes and forces the regu- 
lators off after a period of time determined by the julP. In this 
way, the ju,P can override a power down command and store 
data, do housekeeping, etc. before reverting back to the 
standby mode. 



RESET OUTPUT 

This output is an open collector NPN transistor which is 
forced low whenever an error condition is present at the 
main output or when a jaP error is sensed (see ju,P Monitor 
section). If the main output voltage drops by 350 mV or rises 
out of regulation by 600 mV typically, the RESET output is 
forced low and held low for a period of time set by two 
external components, Rt and 0*. There is a slight amount of 
hysteresis in these two threshold voltages so that the RE- 
SET output has a fast rise and fall time compatible with the 
requirements of most jaP RESET inputs. 


DELAYED RESET 

Resistor Rt and capacitor Ct set the period of time that the 
RESET output is held low after a main output error condition 
has been sensed. The delay is given by the formula: 

T diy = 1.2 R t C t (seconds) 

The delayed RESET will be initiated any time the main out- 
put is out of regulation, i.e. during power-up, short circuit, 
overvoltage, low line, thermal shutdown or power-down. 
The jaP is therefore RESET whenever the output voltage is 
out of regulation. (It is important to note that a RESET is 
only initiated when the main output is in error. The buffer 
and standby outputs are not directly monitored for error 
conditions.) 

jllP monitor reset 

There are two distinct and independent error monitoring 
systems in the LM2984. The one described above monitors 
the main regulator output and initiates a delayed RESET 
whenever this output is in error. The other error monitoring 
system is the juP watchdog. These two systems are OR’d 
together internally and both force the RESET output low 
when either type of error occurs. 

This watchdog circuitry continuously monitors a pin on the 
jaP that generates a positive going pulse during normal op- 
eration. The period of this pulse is typically on the order of 
milliseconds and the pulse width is typically on the order of 
10’s of microseconds. If this pulse ever disappears, the 
watchdog circuitry will time out and a RESET low will be 
sent to the juP. The time out period is determined by two 
external components, Rt and C mon , according to the formu- 
la: 

^window = 0.82 RtC m0 n (seconds) 

The width of the RESET pulse is set by C mon and an inter- 
nal resistor according to the following: 

RESET pw = 2000 C mon (seconds) 

A square wave signal can also be monitored for errors by 
filtering the C mon input such that only the positive edges of 
the signal are detected. Figure 2 is a schematic diagram of a 
typical circuit used to differentiate the input signal. Resistor 
Rtc and capacitor C tc pass only the rising edge of the 
square wave and create a short positive pulse suitable for 
the julP monitor input. If the incoming signal continues in a 
high state or in a low state for too long a period of time, a 
RESET low will be generated. 



FIGURE 2. Monitoring Square Wave jaP Signals 


The threshold voltage and input characteristics of this pin 
are compatible with nearly all logic families. 

There is a limit on the width of a pulse that can be reliably 
detected by the watchdog circuit. This is due to the output 
resistance of the transistor which discharges C mon when a 
high state is detected at the input. The minimum detectable 
pulse width can be determined by the following formula: 

PW min = 20 C mon (seconds) 
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LM903 Fluid Level Detector 

General Description 

The LM903 uses the thermal-resistive probe technique to 
measure the level of nonflammable fluids. A low fluid level is 
indicated by a warning lamp operating in continuous or 
flashing mode. All supervisory requirements to control the 
thermal-resistive probe, including short and open circuit 
probe detection, are incorporated within the device. The cir- 
cuit has possible applications in the detection of hydraulic 
fluid, oil level, etc., and may be used with partially conduct- 
ing fluids. 


Features 

■ Flashing or continuous warning indication 

■ Warning threshold externally adjustable 

■ Control circuitry for thermal-resistive probe 

■ Switch on reset and delay to avoid transients 

■ 600 mA flashing lamp drive capability 

■ Short and open circuit probe detection 

■ 70V transient protection on supply and control input 

■ 7 V- 18V supply range 

■ Internally regulated supply 

■ -40°C to + 80°C operation 


Connection Diagram 


Dual-In-Line Package 


MEAS INPUT 
MEAS GND 
PROBE I REF 
PNP BASE 
PROBE 
SUPPLY 
START INPUT 
GND 

TOP VIEW 

TL/H/5699-1 

Order Number LM903N 
See NS Package Number N16E 



,16 

I— MEAS REF V 


MEMORY C 
AUX OUTPUT 


RAMP R 

. 12 

I— RAMP C 


VREG 

OSCC 


I— LAMP DRIVER 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage, Vcc 1 8V 

Control Input Voltage (Pin 7) 1 8V 

T ransient Voltage (Pins, 6 , 7, 9) 1 0 ms (Note 1 ) 70V 

Output Current (Pin 4) I 4 (Sink) 1 0 mA 


Operating T emperature Range — 40°C to ..+ 85°C 

Storage T emperature - 55°C to + 1 50°C 

Maximum Junction Temperature + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 260°C 


Electrical Characteristics 

Vcc = 12V, C T “ 33 ju-F, r T = 7 5 kfl, t a within operating range except where stated otherwise 


Symbol 

Parameter 

Conditions 

Tested Limits 
(Note 2) 

Design Limits 
(Note 3) 

Units 

Min 

Max 

Min 

Typ 

Max 

Vcc 

Supply Voltage 


7.0 

18 

7.0 

13 

18 

V 

Is 

Supply Current 



50 



50 

mA 

VreG 

Regulated Voltage 


5.5 

6.2 

5.3 

5.8 

6.3 

V 

Regulation 

Temperature Drift 

Vcc = 7.2V- 18V 


105 


500 


mV 

fxV/°C 

V 6 -V 3 

Probe Current 

Reference Voltage 


2.0 

2.35 

1.95 

2.20 

2.40 

V 

VREF 

Measurement Reference Voltage 


790 

900 

780 

850 

910 

mV 

Rref 

Reference Input Resistor 





1.2 


kn 

v 7 

Start Input Logic High Level 




1.6 



V 

v 7 

Start Input Logic Low Level 






1.0 

V 

17 

High Input Current 

Latch Off 





100 

nA 

17 

Latch Holding Current 

Latch On 




2.5 


nA 

r 7 

Resistance Pin 7 

Latch On 




22 


k a 

I 12 

Ramp Current 

See Timing Diagram 







Charging 

> 

T 

> 

0 

11 

<N 

> 

600 

1100 

590 


1100 

jaA 

V 12 = 1V-4V 

53 

93 

50 


96 

jiiA 

Discharging 

> 

■si- 

ll 

CM 

> 

-700 

-450 

-710 


-440 

jliA 

V 12 = 0.5V 

-650 

-400 

-660 


-390 

jjl A 

Vi 2 

Ramp Threshold 

See Timing Diagram 







Probe Current Start 


570 

850 

550 

710 

870 

mV 

First Measurement 


910 

1200 

890 

1055 

1220 

mV 

Second Measurement 


910 

1240 

890 

1080 

1270 

mV 

Vi 

Probe Input Voltage Range 

V C c = 7.5V- 18V 



1 


Vreg-1-0 

V 

V 5 

Probe Open-Circuit Threshold 

At Pin 5 



VreG-0.85 

Vreg-O- 3 


V 

v 5 

Probe Short-Circuit Threshold 





0.6 

0.85 

V 

•1 

Pin 1 Input Leakage Current 

Pin 1 = 300 mV 

-3.5 

-F3.5 



+ 5.0 

nA 

*15 

Pin 1 5 Leakage Current 

V 15 = 2V, V 7 = 12V 

-3.5 

3.5 




fxA 

Pin 1 5 Charging Current 

V 15 = 4V, V 7 = 12 V 

60 





jwA 

fg 

Lamp Oscillation Frequency 

Cl = 3.3 fx F 



0.5 

1.5 

2.5 

Hz 

*9 

Lamp Driver Current 

Flashing Mode 





600 

mA 

v 9 

Lamp Driver Saturation 

I 9 = 200 mA 


200 



250 

mA 
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Electrical Characteristics (Continued) 


Symbol 

Parameter 

Conditions 

Tested Limits 
(Note 2) 

Design Limits 
(Note 3) 

Units 

Min 

Max 

Min 

Typ 

Max 

Vl4 

Auxiliary Output 
Voltage 

Lamp OFF 



5.0 



V 

Lamp ON 




I 

1.2 

V 

Vi 

Alarm Level 

(Difference Between First 
and Second Measurement) 



230 

280 

330 

mV 


Sensitivity to Electrostatic Discharge: Pins 7, 10, 13, and 14 will withstand greater than 1500V when tested using 100 pF and 1500ft in accordance with National 
Semiconductor standard ESD test procedures. All other pins will withstand in excess of 2 kV. 

Note 1: Test circuit for overvoltage capability at pins 3, 6, 7. 

Note 2: Guaranteed 100% production tested at 25°C. These limits are used to calculate outgoing quality levels. 

Note 3: Limits guaranteed to include parametric variations. Ta = -40°C to +80°C and from V<x = 7.5V-18V. These limits are not used to calculate AOQL 
figures. 

Note 4: Variations over temperature range are not production tested. 

13V 



TL/H/5699-2 


In Lamp ON condition, Ig should be limited to 600 mA. 

Block and Application Circuit 


PROBE 



TL/H/5699-3 


Memory capacitor on pin 15 is set 
High — Lamp off 
Low— Lamp on 
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Circuit Timing Diagram 


tl 

25 ms 

0.7V 

Threshold 

t2 

35 ms 

1.0V 

1 st Measurement 

t3 

t2 + 1.5s 

1.0V 

2nd Measurement 

t4 

t3 + 10 ms 

0.8V 

Measurement Latched 

t5 

14 + 8 ms 

0.7V 

Probe Current Off 



LAMP OFF OR FLASHING 
DEPENDING ON MEASUREMENT 


TL/H/5699-4 


Circuit Operation 

A measurement is initiated when the supply is applied, pro- 
vided the control input pin 7 is low. Once a measurement is 
commenced, pin 7 is latched low and the ramp capacitor on 
pin 1 2 begins to charge. After 25 ms when switch-on tran- 
sients have subsided, a constant current is applied to the 
thermo-resistive probe. The value of probe current, which is 
supplied by an external PNP transistor, is set by an external 
resistor across an internally generated 21V reference. The 
lamp current is applied at the start of probe current. 

35 ms after switch-on, the voltage across the probe is sam- 
pled and held on external capacitor Cl (leakage current at 
pin 1 less than 1 nA). After a further 1 .5 seconds the differ- 
ence between the present probe voltage and the initial 
probe voltage is measured, multiplied by 3 and compared 
with a reference voltage of 850 mV (externally adjustable 
via pin 16). If the amplified voltage difference is less than 
the reference voltage the lamp is switched off, otherwise 
the lamp commences flashing at 1 Hz to 2 Hz. 1 0 ms later 
the measurement latch operates to store the result and af- 
ter a further 8 ms the probe current is switched off. 

A second measurement can only be initiated by interrupting 
the supply. An external CR can be arranged on pin 7 to 
prevent a second measurement attempt for 1 minute. The 
measurement condition stored in the latch will control the 
lamp. 

PROBES 

The circuit effectively measures the thermal resistance of 
the probe. This varies depending on the surrounding medi- 
um (Figure 1). It is necessary to be able to heat the probe 
with the current applied and, for there to be sufficient 
change in resistance with the temperature change, to pro- 
vide the voltage to be measured. 

Probes require resistance wire with a high resistivity and 
temperature coefficient. Nickel cobalt alloy resistance wires 
are available with resistivity of 50 ju,llcm and temperature 
coefficient of 3300 ppm which can be made into suitable 
probes. Wires used in probes for use in liquids must be de- 
signed to drain freely to avoid clogging. A possible arrange- 
ment is shown in Figure 2. 

The probe voltage has to be greater than 0.7V to prevent 
short circuit probe detection less than 5V to avoid open 
circuit detection. With a 200 mA probe current this gives a 
probe resistance range of 411 to 25 H. This low value makes 
it possible to use the probe in partially conducting fluids. 


Using resistance wire of 50 juflcm resistivity, 8 cm of 0.08 
mm (40 AWG) give approximately 811 at 25°C. Such a probe 
will give about 500 mV change between first and second 
measurements in air, and 100 mV change with oil, hydraulic 
fluid, etc., in the application circuit. With an alarm threshold 
of 280 mV (typ) lack of fluid can readily be detected. As the 
probe current, measurement reference and measurement 
period are all externally adjustable, there is freedom to use 
different probes and fluids. 


Another possibility is the use of high temperature coefficient 
resistors made for special applications and positive temper- 
ature coefficient thermistors. The encapsulation must have 
a sufficiently low thermal resistance so as not to mask the 
change due to the different surrounding mediums, and the 
thermal time constant must be quick enough to enable the 
temperature change to take place between the two mea- 
surements. The ramp timing could be adjusted to assist this. 
Probes in liquids must be able to drain freely. 



25 100 


PROBE TEMPERATURE (°C) 

FIGURE 1. Typical Thermo-Resistive Probe 




FIGURE 2 
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Application Hints 

INTERNAL COMBUSTION ENGINE OIL LEVEL 

The basic system provides a single shot measurement 
when the supply is applied and has a primary application in 
automotive oil, hydraulic fluid and coolant monitoring. Partic- 
ularly in the case of the oil level, a valid measurement is 
only possible before the oil is disturbed. The application cir- 
cuit shown is arranged such that the measurement is made 
when the ignition is switched on via switch A. Switch B is the 
oil pressure sensor and is closed before the engine starts, 
keeping pin 7 low and enabling the measurement. 

STALLING AND RESTART PROTECTION 

The 4M7 resistor and 10 juF capacitor connected to pin 7 
provide the restart protection. When oil pressure builds up, 
switch B opens and the 10 jaF capacitor charges through 
the bulb. At switch-off, the capacitor discharges slowly and 
is capable of preventing a low state on pin 7 for 1 minute. 
Unless pin 7 is low, a new measurement can not be made 
and the previous measurement result stored in the memory 
capacitor on pin 1 5 is used to control the output. 

MEMORY 

The pin 1 5 memory output goes high if a correct measure- 
ment is made (lamp off). If the power is removed, pin 15 
leakage is less than 3 jaA and the memory status is retained 
for some time. Provided pin 15 voltage does not fall below 


3V, the memory capacitor will be refreshed on powering up 
again. There is no internal pull down on detecting an incor- 
rect measurement. If it is required to use pin 15 as an output 
indicating the measurement result, an external pull down 
resistor and buffer will be required. 

CONTINUOUS WARNING LAMP 

The lamp can be arranged to light continuously by disabling 
the oscillator with a resistor of 1 50k or less, connected be- 
tween pins 10 and 11. 

REPETITIVE MEASUREMENTS 

Measurements may be repeated by strobing the supply to 
pin 6. The probe current regulator transistor must have the 
same supply as pin 6, but the warning lamp can be perma- 
nently powered. The lamp will light during each measure- 
ment and will flash in between measurements when incor- 
rect conditions are detected. 

ALTERNATIVE APPLICATIONS 

Gas flow detection: The cooling effect of gas flowing over 
a probe could be used to provide a warning signal from the 
LM903 in the event of gas failure. 

Automatic top up: With the LM903 strobed continuously, 
the output may be stored, buffered, and used to drive sole- 
noid valves to correct a fluid level as required. 
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LM1042 Fluid Level Detector 

General Description 

The LM1042 uses the thermal-resistive probe technique to 
measure the level of non-flammable fluids. An output is pro- 
vided proportional to fluid level and single shot or repeating 
measurements may be made. All supervisory requirements 
to control the thermal-resistive probe, including short and 
open circuit probe detection, are incorporated within the de- 
vice. A second linear input for alternative sensor signals 
may also be selected. 


Features 

■ Selectable thermal-resistance or linear probe inputs 

■ Control circuitry for thermal-resistive probe 

■ Single-shot or repeating measurements 

■ Switch on reset and delay to avoid transients 

■ Output amplifier with 10 mA source and sink capability 

■ Short or open probe detection 

■ + 50V transient protection on supply and control input 

■ 7.5V to 18V supply range 

■ Internally regulated supply 

■ — 40°C to +80°C operation 


Block Diagram 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage Vqc 32V 

Voltage at Pin 8 32V 

Positive Peak Voltage (Pins 6, 8, 3) (Note 1) 

1 0 ms 2A 50V 

Output Current Pin 4, (l 4 )(sink) 1 0 mA 


Output Current Pin 1 1 (source) 

Output Current Pin 1 6 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering 10 sec.) 
Package Power Dissipation 
T a = 25°C (Note 8) 

Device Power Dissipation 


25 mA 
±10 mA 
— 40°C to +80°C 
-55°Cto +150°C 
260°C 

1.8W 

0.9W 


Electrical Characteristics 

Vcc - 13V, T a within operating range except where stated otherwise. Cj = 22 jliF, Rj = 12k 





Tested Limits 

Design Limits 


Symbol 

Parameter 

Conditions 

(Note 2) 

(Note 3) 


Units 




Min 

Max 

Min 

Typ 

Max 


Vcc 

Supply Voltage 


7.5 

18 

7.5 

13 

18 

V 

Is 

Supply Current 



35 



35 

mA 

VreG 

Regulated Voltage 

Pins 15 and 1 1 connected 

5.7 

6.15 

5.65 



V 


Stability Over Vcc Range 

Referred to value at 

Vcc = 13V (Note 4) 


±0.5 


■ 


% 

V 6 -V 3 

Probe Current 


2.15 




2.40 



Reference Voltage 




Probe Current Regulation 
Over Vcc Range 

(Note 4) 


±0.5 



±0.8 

% 

Ti 

Ramp Timing 

See Figure 5 

20 

37 

15 

31 

42 

ms 

T2-T! 





3 


16 

ms 

T4-T! 

Ramp Timing 


1.4 

2.1 

1.4 

1.75 

2.1 

s 

TsTAB 

Ramp Timing Stability 

Over Vcc Range 


+ 5 



±5 

% 

Rt 

Ramp Resistor Range 


3 

15 

3 


15.0 

k ft 

v 8 

Start Input Logic High Level 


1.7 


1.7 



V 

V 8 

Start Input Logic Low Level 



0.5 



0.5 

V 

Is 

Start Input Current 

> 8 

II 

oo 

> 


100 



100 

nA 

>8 

Start Input Current 

> 

o 

II 

CO 

> 


300 



300 

nA 

Vie 

Maximum Output Voltage 

Rl = 600H from 

Vreg - 0-3 


Vreg - 0-3 



V 


Minimum Output Voltage 

Pin 16 to Vreg 


0.5 


0.2 

0.6 

V 


PROBE 1 








Gl 

Probe 1 Gain 

Pin 1 80 mV to 520 mV 
(Notes 6, 7) 

9.9 

10.4 


10.15 




Non-linearity of G-| 

Pin 1 80 mV to 520 mV 
(Note 7) 

-1 

+ 1 

-2 

0 

2 

% 

OSi 

Pin 1 Offset 

(Note 7) 




±5 


mV 


PROBE 2 








g 2 

Probe 2 Gain 

Pin 7 240 mV to 1.562V 
(Note 7) 

3.31 

3.49 


3.4 




Non-linearity of G 2 

Pin 7 240 mV to 1.562V 
(Note 7) 

-1 

+ 1 

-2 

0.2 

2 

% 

OS 7 

Pin 7 Offset 

(Note 7) 




±5 


mV 

r 7 

Input impedance 





5 


Mn 
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Electrical Characteristics 

V CC = 13V, T A within operating range except where stated otherwise. Cj = 22 juF, Rj = 12k (Continued) 





Tested Limits 

Design Limits 


Symbol 

Parameter 

Conditions 

(Note 2) 


(Note 3) 


Units 




Min 

Max 

Min 

Typ 

Max 


Vi 

Probe 1 Input 

Vcc = 9V to 1 8V 

1 

5 

1 


5 

V 


Voltage Range 

V C c = 7.5V, l 4 < 2.5 mA 
(Vreg = 6.0V) 



1 


3.5 

V 

v 5 

Probe 1 Open 

Circuit Threshold 

At Pin 5 

Vreg -0.7 

Vreg - 0.5 

Vreg -0.85 

Vreg - 0-6 

Vreg -0.35 

V 

v 5 

Probe 1 Short 


0.5 

0.7 

0.35 

0.6 

0.85 



Circuit Threshold 



<14 

Pin 14 Input 

Leakage Current 

Pin 14 = 4V 

- 2.0 

2.0 



2.0 

nA 

h 

Pin 1 Input 

Leakage Current 

Pin 1 = 300 mV 

- 5.0 

5.0 


1.5 

5.0 

nA 

Tr 

Repeat Period 

C R = 22 jaF (Note 5) 

12 

28 

9.1 

17 

36 

s 


Cr Discharge Time 

C R = 22 ju,F 




70 

135 

ms 

Cm 

Memory Capacitor Value 






0.47 

jaF 

Ci 

Input Capacitor Value 






0.47 

M'F 


Sensitivity to Electrostatic Discharge — 

Pins 7, 10, 13, and 14 will withstand greater than 1500V when tested using 100 pF and 1500H in accordance with National Semiconductor standard ESD test 
procedures. 

All other pins will withstand in excess of 2 kV. 

Note 1: Test circuit for over voltage capability at pins 3, 6, 8. 
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Note 2: Guaranteed and 1 00% production tested at 25°C. These limits are used to calculate outgoing quality levels. 

Note 3: Limits guardbanded to include parametric variations. T A = -40°C to +80°C and from Vcc = 7.5V to 18V. These limits are not used to calculate AOQL 
figures. 

Note 4: Variations over temperature range are not production tested. 

Note 5: Time for first repeat period, see Figure 6. 

Note 6: Probe 1 amplifier tests are measured with pin 12 ramp voltage held between the T3 and T4 conditions (pin 12 ~ 1 .IV) having previously been held above 
4.1 V to simulate ramp action. See Figure 5. 

Note 7: When measuring gain separate ground wire sensing is required at pin 2 to ensure sufficiently accurate results. 

Linearity is defined as the difference between the predicted value of Vb (Vb*) and the measured value. 

Note 8: Above T A = 25°C derate with 0 jA = 70°C/W. 
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For probe 1 and probe 2— Gain (G) 


Vc-Va 

Vc-V a 


Input offset = 


Vc 

. G 



Linearity = 



X 100% 


V B * = V A + G(V b - V a ) 
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Typical Performance Characteristics 


Supply Current vs 



5 10 15 20 


Regulated Voltage vs 



5 10 15 20 


SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


Probe Reference V vs 
Supply Voltage 



SUPPLY VOLTAGE (V) 



PIN 7 VOLTAGE (V) 


PIN 14 VOLTAGE (V) 
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Pin Function Description 

Pin 1 Input amplifier for thermo-resistive probe with 5 nA 
maximum leakage. Clamped to ground at the start of 
a probe 1 measurement. 

Pin 2 Device ground — 0V. 

Pin 3 This pin is connected to the emitter of an external 
PNP transistor to supply a 200 mA constant current 
to the thermo-resistive probe. An internal reference 
maintains this pin at Vsupply ~ 2V. 

Pin 4 Base connection for the external PNP transistor. 

Pin 5 This pin is connected to the thermo-resistive probe 
for short and open circuit probe detection. 

Pin 6 Supply pin, +7.5V to +18V, protected against 
+ 50V transients. 

Pin 7 High Impedance input for second linear voltage 
probe with an input range from 1 V to 5V. The gain 
may be set externally using pin 1 0. 

Pin 8 Probe select and control input. If this pin is taken to 
a logic low level, probe 1 is selected and the timing 
cycle is initiated. The selection logic is subsequently 
latched low until the end of the measurement. If kept 
at a low level one shot or repeating probe 1 mea- 
surements will be made depending upon pin 9 condi- 
tions. A high input level selects probe 2 except dur- 
ing a probe 1 measurement period. 

Pin 9 The repeat oscillator timing capacitor is connected 
from this pin to ground. A 2 /xA current charges up 
the capacitor towards 4.3V when the probe 1 mea- 
surement cycle is restarted. If this pin is grounded 
the repeat oscillator is disabled and only one probe 
1 measurement will be made when pin 8 goes low. 


Pin 10 A resistor may be connected to ground to vary the 
gain of the probe 2 input amplifier. Nominal gain 
when open circuit is 1 .2 and when shorted to ground 
3.4. DC conditions may be adjusted by means of a 
resistor divider network to Vreg and ground. 

Pin 1 1 Regulated voltage output. Requires to be connected 
to pin 15 to complete the supply regulator control 
loop. 

Pin 1 2 The capacitor connected from this pin to ground 
sets the timing cycle for probe 1 measurements. 

Pin 1 3 The resistor connected between this pin and ground 
defines the charging current at pin 12. Typically 12k, 
the value should be within the range 3k to 15k. 

Pin 14 A low leakage capacitor, typical value 0.1 /xF and 
not greater than 0.47 /xF, should be connected from 
this pin to the regulated supply at pin 1 1 to act as a 
memory capacitor for the probe 1 measurement. 
The internal leakage at this pin is 2 nA max for a 
long memory retention time. 

Pin 1 5 Feedback input for the internal supply regulator, nor- 
mally connected to Vreg at pin 11. A resistor may 
be connected in series to adjust the regulated output 
voltage by an amount corresponding to the 1 mA 
current into pin 15. 

Pin 16 Linear voltage output for probe 1 and probe 2 capa- 
ble of driving up to ±10 mA. May be connected with 
a 600n meter to Vreg- 
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Application Notes 

THERMO-RESISTIVE PROBES — OPERATION AND 
CONSTRUCTION 

These probes work on the principle that when power is dis- 
sipated within the probe, the rise in probe temperature is 
dependent on the thermal resistance of the surrounding ma- 
terial and as air and other gases are much less efficient 
conductors of heat than liquids such as water and oil it is 
possible to obtain a measurement of the depth of immersion 
of such a probe in a liquid medium. This principle is illustrat- 
ed in Figure 1. 



During the measurement period a constant current drive I is 
applied to the probe and the voltage across the probe is 
sampled both at the start and just before the end of the 
measurement period to give AV. Rjh Air and R jh Oil repre- 
sent the different thermal resistances from probe to ambient 
in air or oil giving rise fo temperature changes ATi and AT 2 
respectively. As a result of these temperature changes the 
probe resistance will change by ARi or AR 2 and give corre- 
sponding voltage changes AVi or AV 2 per unit length. 
Hence 

a \ # ^-A 4 \ / , (L ^-a) iW 

AV = — AVi -I AV2 

and for AVi > AV 2 , Rjh Air > Rjh Oil, AV will increase as 
the probe length in air increases. For best results the probe 
needs to have a high temperature coefficient and low ther- 
mal time constant. One way to achieve this is to make use 
of resistance wires held in a suitable support frame allowing 
free liquid access. Nickel cobalt iron alloy resistance wires 
are available with resistivity 50 jmftcm and 3300 ppm tem- 
perature coefficient which when made up into a probe with 4 
X 2 cm 0.08 mm diameter strands between supports (10 
cm total) can give the voltage vs time curve shown in Figure 
2 for 200 mA probe current. The effect of varying the probe 
current is shown in Figure 3. To avoid triggering the probe 
failure detection circuits the probe voltage must be between 
0.7V and 5.3V (Vreg ~ 6V), hence for 200 mA the permis- 
sible probe resistance range is from 3.5ft to 24ft. The ex- 
ample given has a resistance at room temperature of 9ft 
which leaves plenty of room for increase during measure- 
ments and changes in ambient temperature. 

Various arrangements of probe wire are possible for any 
given wire gauge and probe current to suit the measurement 
range required, some examples are illustrated schematically 
in Figure 4. Naturally it is necessary to reduce the probe 



TIME (SECONDS) 

TL/H/8709-5 

FIGURE 2 

current with very fine wires to avoid excessive heating and 
this current may be optimized to suit a particular type of 
wire. The temperature changes involved will give rise to no- 
ticeable length changes in the wire used and more sophisti- 
cated holders with tensioning devices may be devised to 
allow for this. 



TIME (SECONDS) 
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FIGURE 3 

Probes need not be limited to resistance wire types as any 
device with a positive temperature coefficient and sufficient- 
ly low thermal resistance to the encapsulation so as not to 
mask the change due to the different surrounding mediums, 
could be used. Positive temperature coefficient thermistors 
are a possibility and while their thermal time constant is like- 
ly to be longer than wire the measurement time may be 
increased by changing Cj to suit. 
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Application Notes (Continued) 

CIRCUIT OPERATION 

1 ) Thermo-Resistive Probes 

These probes require measurements to be made of their 
resistance before and after power has been dissipated in 
them; With a probe connected as probe 1 in the connection 
diagram the LM1042 will start a measurement when pin 8 is 
taken to a logic low level (Vg < 0.5V) and the internal time- 
base ramp generator will start to generate the waveform 
shown in Figure 5. At 0.7V, Ti , the probe current drive is 
switched on supplying a constant 200 mA via the external 
PNP transistor and the probe failure circuit is enabled. At IV 
pin 1 is unclamped and Ci stores the probe voltage corre- 
sponding to this time, T2. The ramp charge rate is now re- 
duced as Cj charges toward 4V. As the 4.1V threshold is 
passed a current sink is enabled and Cj now discharges. 
Between 1.3V and 1.0V, T3 and T 4 , the amplified pin 1 volt- 
age, representing the change in probe voltage since T 2 (and 
as the current is constant this is proportional to the resist- 
ance change) is gated onto the memory capacitor at pin 14. 
At 0.7V, T5, the probe current is switched off and the mea- 
surement cycle is complete. In the event of a faulty probe 
being detected the memory capacitor is connected to the 
regulated supply during the gate period. The device leakage 
at pin 14 is a maximum of 2 nA to give a long memory 
retention time. The voltage present on pin 14 is amplifed by 
1.2 to drive pin 16 with a low impedance, ± 10 mA capabili- 
ty, between 0.5V and 4.7V. A new measurement can only be 
started by taking pin 8 to a low level again or by means of 
the repeat oscillator. 



2) Repetitive Measurement 

With a capacitor connected between pin 9 and ground the 
repeat oscillator will run with a waveform as shown in Figure 
6 and a thermo-resistive probe measurement will be trig- 
gered each time pin 9 reaches a threshold of 4.3V, provided 
pin 8 is at a logic low level. The repeat oscillator runs inde- 
pendently of the pin 8 control logic. 

As the repetition rate is increased localized heating of the 
probe and liquid being measured will be the main considera- 
tion in determining the minimum acceptable measurement 
intervals. Measurements will tend to become more depen- 
dent on the amount of fluid movement changing the rate of 
heat transfer away from the probe. The typical repeat time 
versus timing capacitor value is shown in Figure 7. 
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FIGURE 6 
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FIGURE 7 

3) Second Probe Input 

A high impedance input for an alternative sensor is available 
at pin 7. The voltage applied to this input is amplified and 
output at pin 1 6 when the input is selected with a high level 
on pin 8. The gain is defined by the feedback arrangement 
shown in Figure 8 with adjustment possible at pin 1 0. With 
pin 10 open the gain is set at a nominal value of 1.2, and 
this may be increased by connecting a resistor between pin 
1 0 and ground up to a maximum of 3.4 with pin 1 0 directly 
grounded. A variable resistor may be used to calibrate for 
the variations in sensitivity of the sensor used for probe 2. 



POWER SUPPLY REGULATOR 

The arrangement of the feedback for the supply regulator is 
shown in Figure 9. The circuit acts to maintain pin 1 5 at a 
constant 6V and when directly connected to pin 1 1 the reg- 
ulated output is held at 6V. If required a resistor R may be 
connected between pins 15 and 11 to increase the output 
voltage by an amount corresponding typically to 1 mA flow- 
ing in R. In this way a variable resistor may be used to trim 
out the production tolerance of the regulator by adjusting for 
V REG :> 6.2 V. 
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Application Notes (Continued) 



PROBE CURRENT REFERENCE CIRCUIT 

The circuit defining the probe circuit is given in Figure 10. A 
reference voltage is obtained from a bandgap regulator de- 
rived current flowing in a diode resistor chain to set up a 
voltage 2 volts below the supply. This is applied to an ampli- 
fier driving an external PNP transistor to maintain pin 3 at 2V 
below supply. The emitter resistance from pin 3 to supply 
defines the current which, less the base current, flows in the 
probe. Because of the sensitivity of the measurement to 
probe current evident in Figure 3 the current should be ad- 
justed by means of a variable resistor to the desired value. 
This adjustment may also be used to take out probe toler- 
ances. 



TYPICAL APPLICATIONS CIRCUIT 


A typical automotive application circuit is shown in Figure 1 1 
where the probe selection signal is obtained from the oil 
pressure switch. At power up (ignition on) the oil pressure 
switch is closed and pin 8 is held low by R4 causing a probe 
1 (oil level) measurement to be made. Once the engine has 
started the oil pressure switch opens and D1 pulls pin 8 high 
changing over to the second auxiliary probe input. The ca- 
pacitor C5 holds pin 8 high in the event of a stalled engine 
so that a second probe 1 measurement can not occur in 
disturbed oil. Non-automotive applications may drive pin 8 
directly with a logic signal. 
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National Semiconductor 


LM1815 Adaptive Variable Reluctance Sensor Amplifier 


General Description 

The LM1815 is an adaptive sense amplifier and default gat- 
ing circuit for motor control applications. The sense amplifi- 
er provides a one-shot pulse output whose leading edge 
coincides with the negative-going zero crossing of a ground 
referenced input signal such as from a variable reluctance 
magnetic pick-up coil. 

In normal operation, this timing reference signal is process- 
ed (delayed) externally and returned to the LM1815. A logic 
input is then able to select either the timing reference or the 
processed signal for transmission to the output driver stage. 
The adaptive sense amplifier operates with a positive-going 
threshold which is derived by peak detecting the incoming 
signal and dividing this down. Thus the input hysteresis var- 
ies with input signal amplitude. This enables the circuit to 
sense in situations where the high speed noise is greater 
than the low speed signal amplitude. Minimum input signal 
is 100 mVp-p. 


Features 

■ Adaptive hysteresis 

■ Single supply operation 

■ Ground referenced input 

■ True zero crossing timing reference 

■ Operates from 2V to 12V supply voltage 

■ Handles inputs from 100 mV to over 120V with external 
resistor 

■ CMOS compatible logic 

Applications 

■ Position sensing with notched wheels 

■ Zero crossing switch 

■ Motor speed control 

■ Tachometer 

■ Engine testing 


Connection Diagram 


Truth Table 


RC 

REFERENCE 

INPUT 

GATED 

PULSE 


TIMING 

NC PULSE OUT 

SELECT 

OUTPUT 

INPUT 

v + 

. 1” 

I 13 1” 

_k. 

—Li 

_k_ 

_k 




-f 


IB 

NC GN0 

SIGNAL 

NC THRESHOLD 

NC 


INPUT 

ADJUST 



Signal 

Input 

Input 

Select 

Timing 

Input 

Gated 

Output 

Pulses 

L 

X 

Pulses 

X 

H 

Pulses 

Pulses 


GND SIGNAL NC THRESHOLD NC PEAK 
INPUT ADJUST DETECTOR 

CAPACITOR 

TL/H/7893-1 

Top View 

Order Number LM1815M or LM1815N 
See NS Package Number M14A or N14A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 12V 

Power Dissipation (Note 1 ) 1 250 mW 

Operating T emperature Range - 40°C to +1 25°C 


Storage Temperature Range 
Junction Temperature (Note 2) 

Input Current 

Lead Temperature (Soldering, 10 sec.) 


— 65°C to + 1 50°C H 

+ 1 25°C 01 

±30 mA 
260°C 


Electrical Characteristics 0a = 25°C, Vcc = 10V, unless otherwise specified, see Figure 1 ) 


Parameter 


Operating Supply Voltage 
Supply Current 


Conditions 

Min 


2.5 


flN = 1 Hz to 2 kHz 

V| N = 2V, (Pin 9 and Pin 11) 


V| N = 0V dc, (Pin 3) 


Vin — 5 Vrms, (Note 3) 

V| N = 100 mVp-p, (Pin 3) 

(Pin 9 and Pin 11) 

R l — 1 kn, (Pin 10) 

I S ink = 0.1 mA, (Pin 10) 


Reference Pulse Width 


Input Bias Current 


Input Bias Current 


Input Impedance 
Zero Crossing Threshold 
Logic Threshold 

Vqut High 

V 0U T Low 


Input Arming Threshold 


Output Leakage Pin 1 2 


Saturation Voltage PI 2 


Note 1: For operation at elevated temperatures, the device must be derated based on a 1 25°C maximum junction temperature and a thermal resistance of 80°C/W 
(DIP), 120 °C/W (SO-14) junction to ambient. 

Note 2: Temporary excursions to 150°C can be tolerated. 

Note 3: Measured at input to external 18 kfl resistor. 1C contains 1 kn in series with a diode to attenuate the input signal. 

REFERENCE INPUT GATED PULSE 
V* PULSE OUT SELECT OUTPUT INPUT 


Pin 5 Open, Vin ^135 mVp-p 

30 

Pin 5 Open, Vin ^ 230 mVp-p 

40 

Pin 5 to V+ 

200 

Pin 5 to Gnd 

-25 

> 

II 

CM 

> 


1-12 = 2 mA 




0.001 ^F^C 


12 11 tr 10 9 



0.33 pF — 

— 

PEAK — 
DETECTOR ” 
CAPACITOR 


FIGURE 1. LM1815 Adaptive Sense Amplifier 
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VOLTAGE 

I 



FIGURE 2. LM1815 Oscillograms 
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Application Hints 

Input Clamp 

The signal input at pin 3 is internally clamped. Current limit 
is provided by an external resistor which should be selected 
to allow a peak current of 3 mA in normal operation. Positive 
inputs are clamped by a 1 kft resistor and series diode, 
while an active clamp limits pin 3 to -350 mV for negative 
inputs (see R4, Q12, Q11 in internal schematic diagram). 

Operation of Zero Crossing Detector 

The LM1815 is designed to operate as a zero crossing de- 
tector, triggering an internal one shot on the negative-going 
edge of the input signal. Unlike other zero crossing detec- 
tors, the LM1815 cannot be triggered until the input signal 
has crossed an “arming” threshold on the positive-going 
portion of the waveform. The arming circuit is reset when 
the chip is triggered, and subsequent zero crossings are 
ignored until the arming threshold is exceeded again. This 
threshold varies depending on the connection at pin 5. 
Three different modes of operation are possible: 

MODE 1, Pin 5 open. The adaptive mode is selected by 
leaving pin 5 open circuit. For input signals of less than 
135 mVp-p, the input arming threshold is typically 45 mV. 
Under these conditions the input signal must first cross the 
45 mV threshold in the positive direction to arm the zero 
crossing detector, and then cross zero in the negative direc- 
tion to trigger it. If the signal is less than 30 mV peak (mini- 
mum rating in Electrical Characteristics), the one shot is 
guaranteed to not trigger. 

Input signals of greater than 230 mVp-p cause the arming 
threshold to track at 80% of the peak input voltage. A peak 
detector (pin 7) stores a value relative to the positive input 
peaks to establish the arming threshold. Input signals must 
exceed this threshold in the positive direction to arm the 
zero crossing detector, which can then be triggered by a 
negative-going zero crossing. The peak detector tracks rap- 


idly as the input signal amplitude increases, and decays by 
virtue of the resistor connected externally at pin 7 to track 
decreases in the input signal. 

Note that since the input is clamped, the waveform ob- 
served at pin 3 is not identical to the waveform observed at 
the variable reluctance sensor. Similarly, the voltage stored 
at pin 7 is not identical to the peak voltage appearing at 
pin 3. 

MODE 2, Pin 5 connected to V + . The input arming thresh- 
old is fixed at 200 mV minimum when pin 5 is connected to 
the positive supply. The chip has no output for signals of 
less than 200 mV peak, and triggers on the next negative- 
going zero crossing when the threshold is exceeded. 
MODE 3, Pin 5 grounded. With pin 5 grounded, the input 
arming threshold is set to 0V (±25 mV maximum). Positive- 
going zero crossings arm the chip, and the next negative 
zero crossing triggers it. 

The one shot timing is set by a resistor and capacitor con- 
nected to pin 14. The output pulse width is 
pulse width = 0.673 RC (1) 

In some systems it is necessary to externally generate puls- 
es, such as during stall conditions when the variable reluc- 
tance sensor has no output. External pulse inputs at pin 9 
are gated through to pin 10 when Input Select (pin 11) is 
pulled high. Pin 1 2 is a direct output for the one shot and is 
unaffected by the status of pin 1 1 . 

Input/output pins 9/11, 10 and 12 are all CMOS logic com- 
patible. In addition, pins 9, 11 and 12 are TTL compatible. 
Pin 1 0 is not guaranteed to drive a TTL load. 

Pins 1, 4, 6 and 13 have no internal connections and can be 
grounded. 
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National Semiconductor 


LM1819 Air-Core Meter Driver 


General Description 

The LM1819 is a function generator/driver for air-core 
(moving-magnet) meter movements. A Norton amplifier and 
an NPN transistor are included on chip for signal condition- 
ing as required. Driver outputs are self-centering and devel- 
op ±4.5V swing at 20 mA. Better than 2% linearity is guar- 
anteed over a full 305-degree operating range. 


Features 

■ Self-centering 20 mA outputs 

■ 12V operation 

■ Norton amplifier 

■ Function generator 

Applications 

■ Air-core meter driver 

■ Tachometers 

■ Ruggedized instruments 


Typical Application 



TL/H/5263-1 


FIGURE 1. Automotive Tachometer Application. Circuit shown operates 
with 4 cylinder engine and deflects meter pointer (270°) at 6000 RPM. 


Order Number LM1819M or LM1819N 
See NS Package Number M14A or N14A 

TRW Type X463UW Polycarbonate Capacitor 
**RN60D Low TC Resistor (±100 ppm) 
tComponents Required for Automotive Load Dump Protection 
ttAvailable from FARIA Co. 

P O Box 983, Uncasville, CT 06382 
Tel. 203-848-9271 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, V + (pin 1 3) 20V 

Power Dissipation (note 1 ) 1 300 mW 


Operating T emperature - 40°C to + 85°C 

Storage T emperature - 65°C to - 1 50°C 

Lead T emp. (Soldering, 1 0 seconds) 260°C 

BVceo 20V M in 


Electrical Characteristics Vs = 13.1 V Ta = 25°C unless otherwise specified 


Symbol 

Parameter 

Pin(s) 

Conditions 

Min 

Typ 

Max 

Units 

•s 

Supply Current 

13 

Zero Input Frequency 
(See Figure 1) 



65 

mA 

VreG 

Regulator Voltage 

11 

Ireg = 0mA 

8.1 

8.5 

8.9 

V 


Regulator Output Resistance 

11 

Ireg = 0 mA to 3 mA 


13.5 


n 

VreF 

Reference Voltage 

4 

Iref = o mA 

1.9 

2.1 

2.3 

V 


Reference Output Resistance 

4 

IrEF = 0 J^A to 50 julA 


5.3 


kn 


Norton Amplifier Mirror Gain 

5,6 

•BIAS - 20 pA 

0.9 

1.0 

1.1 


hFE 

NPN Transistor DC Gain 

9, 10 



125 




Function Generator Feedback 
Bias Current 

1 

Vi = 5.1V 


1.0 


mA 


Drive Voltage Extremes, 

Sine and Cosine 

2, 12 

•LOAD = 20 mA 

±4 

±4.5 


V 


Sine Output Voltage 
with Zero Input 

2 

Vs = Vref 

-350 

0 

+ 350 

mV 


Function Generator Linearity 


FSD = 305° 



+ 1.7 

%FSD 

k 

Function Generator Gain 


Meter Deflection/AVg 

50.75 

53.75 

56.75 

o/v 


Note 1: For operation above 25°C, the LM1819 must be derated based upon a 125°C maximum junction temperature and a thermal resistance of 76°C/W which 
applies for the device soldered in a printed circuit board and operating in a still-air ambient. 


Application Hints 

AIR-CORE METER MOVEMENTS 

Air-core meters are often favored over other movements as 
a result of their mechanical ruggedness and their indepen- 
dence of calibration with age. A simplified diagram of an air- 
core meter is shown in Figure 2. There are three basic 
pieces: a magnet and pointer attached to a freely rotating 
axle, and two coils, each oriented at a right angle with re- 
spect to the other. The only moving part in this meter is the 
axle assembly. The magnet will tend to align itself with the 
vector sum of H fields of each coil, where H is the magnetic 
field strength vector. If, for instance, a current passes 
through the cosine coil (the reason for this nomenclature 
will become apparent later) as shown in Figure 3(a ) , the 
nnagnet will align its magnetic axis with the coil’s H field. 
Similarly, a current in the sine coil ( Figure 3(b)) causes the 
magnet to align itself with the sine H field. If currents are 
applied simultaneously to both sine and cosine coils, the 
magnet will turn to the direction of the vector sum of the two 


H fields (Figure 3(c)). H is proportional to the voltage applied 
to a coil. Therefore, by varying both the polarity and magni- 
tude of the coil voltages the axle assembly can be made to 
rotate a full 360°. The LM1819 is designed to drive the me- 
ter through a minimum of 305°. 


TL/H/5263-2 

FIGURE 2. Simplified Diagram of an Air Core Meter. 




3-211 


LM1819 





LM1819 


Application Hints (Continued) 





TL/H/5263-3 

(a) (b) (c) 

FIGURE 3; Magnet and pointer position are controlled by the H field generated by the two drive coils. 


In an air-core meter the axle assembly is supported by two 
nylon bushings. The torque exerted on the pointer is much 
greater than that found in a typical d’ Arson val movement. In 
contrast to a d’Arsonval movement, where calibration is a 
function of spring and magnet characteristics, air-core me- 
ter calibration is only affected by the mechanical alignment 
of the drive coils. Mechanical calibration, once set at manu- 
facture, can not change. 

Making pointer position a linear function of some input is a 
matter of properly ratioing the drive to each coil. The H field 
contributed by each coil is a function of the applied current, 
and the current is a function of the coil voltage. Our desired 
result is to have 0 (pointer deflection, measured in degrees) 
proportional to an input voltage: 

0 = kV IN [1] 

where k is a constant of proportionality, with units of de- 
grees/volt. The vector sum of each coils’ H field must follow 
the deflection angle 0. We know that the axle assembly 
always points in the direction of the vector sum of Hsine 
and Hcosine- This direction (see Figure 4) is found from the 
formula: 

(0)=arctan ( | Hsine 1 1 1 Hcosine I ) fc] 
Recalling some basic trigonometry, 

(0)- arctan(sin (0) / cos(0 )) [3] 



FIGURE 4. The vector sum of Hcosine and Hsine points 
in a direction 0 measured in a clockwise direction from 
Hcosine- 


Comparing [3] to [2] we see that if Hsine varies as the sine 
of 0, and Hcosine varies as the cosine of 0, we will gener- 
ate a net H field whose direction is the same as 0. And since 
the axle assembly aligns itself with the net H field, the point- 
er will always point in the direction of 0. 

THE LM1819 

Included in the LM1 81 9 is a function generator whose two 
outputs are designed to vary approximately as the sine and 
cosine of an input. A minimum drive of ±20 mA at ±4V is 
available at pins 2 (sine) and 12 (cosine). The common side 
of each coil is returned to a 5.1V zener diode reference and 
fed back to pin 1 . 

For the function generator, k=54°/V ; (In equation 1). The 
input (pin 8) is internally connected to the Norton amplifier’s 
output. V|n as considered in equation [1] is actually the dif- 
ference of the voltages at pins 8 (Norton output/function 
generator input) and 4. Typically the reference voltage at pin 
4 is 2.1V. Therefore, 

0 = k(V 8 -V REF ) = 54 (V 8 — 2.1) [4] 

As V 8 varies from 2.1 V to 7.75V, the function generator will 
drive the meter through the chip’s rated 305° range. 
Air-core meters are mechanically zeroed during manufac- 
ture such that when only the cosine cojl is driven, the point- 
er indicates zero degrees deflection. However, in some ap- 
plications a slight trim or offset may be required. This is 
accomplished by sourcing dr sinking a DC current of a few 
microamperes at pin 4. 

A Norton amplifier is available for conditioning various input 
signals and driving the function generator. A Norton amplifi- 
er was chosen since it makes a simple frequency to voltage 
converter. While the non-inverting input (pin 6) bias is at one 
diode drop above ground, the inverting input (5) is at 2.1V, 
equal to the pin 4 reference. Mjrror gain remains essentially 
flat to Imirror = 5 mA - The Norton amplifier’s output (8) is 
designed to source current into its load. To bypass the Nor- 
ton amplifier simply ground the non-inverting input, tie the 
inverting input to the reference, and drive pin 8 (Norton out- 
put/function generator input) directly. 

An NPN transistor is included on chip for buffering and 
squaring input signals. Its usefulness is exemplified in Fig- 
ures 1 & 6 where an ignition pulse is converted to a rectan- 
gular waveform by an RC network and the transistor. The 
emitter is internally connected to ground. It is important not 
to allow the base to drop below -5Vd C , as damage may 
occur. The 2.1V reference previously described is derived 
from an 8.5 V regulator at pin 1 1. Pin 1 1 is used as a stable 
supply for collector loads, and currents of up to 5 mA are 
easily accommodated. 
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Application Hints (Continued) 

TACHOMETER APPLICATION 

A measure of the operating level of any motor or engine is 
the rotational velocity of its output shaft. In the case of an 
automotive engine the crankshaft speed is measured using 
the units “revolutions per minute” (RPM). It is possible to 
indirectly measure the speed of the crankshaft by using the 
signal present on the engine’s ignition coil. The fundamental 
frequency of this signal is a function of engine speed and 
the number of cylinders and is calculated (for a four-stroke 
engine) from the formula: 

/= nw/120 (Hz) (5) 

where n= number of cylinders, and o> = rotational velocity of 
the crankshaft in RPM. From this formula the maximum fre- 
quency normally expected (for an 8 cylinder engine turning 
4500RPM) is 300 Hz. In certain specialized ignition systems 
(motorcycles and some automobiles) where the coil wave- 
form is operated at twice this frequency (/=o/60). These 
systems are identified by the fact that multiple coils are used 
in lieu of a single coil and distributor. Also, the coils have 
two outputs instead of one. 

A typical automotive tachometer application is shown in Fig- 
ure 1. The coil waveform is filtered, squared and limited by 
the RC network and NPN transistor. The frequency of the 
pulse train at pin 9 is converted to a proportional voltage by 
the Norton amplifier’s charge pump configuration. The igni- 
tion circuit shown in Figure 5 is typical of automotive sys- 
tems. The switching element “S” is opened and closed in 
synchronism with engine rotation. When “S” is closed, en- 
ergy is stored in Lp. When opened, the current in Lp diverts 
from “S” into C. The high voltage produced in Ls when “S” 
is opened is responsible for the arcing at the spark plug. 
The coil voltage (see Figure 6) can be used as an input to 
the LM1 81 9 tachometer circuit. This waveform is essentially 
constant duty cycle. D4 rectifies this waveform thereby pre- 
venting negative voltages from reaching the chip. C4 and 
R5 form a low pass filter which attenuates the high frequen- 
cy ringing, and R7 limits the input current to about 2.5mA. 
R6 acts as a base bleed to shut the transistor OFF when 
“S” is closed. The collector is pulled up to the internal regu- 
lator by Rreg- The output at pin 9 is a clean rectangular 
pulse. 

Many ignition systems use magnetic, hall effect or optical 
sensors to trigger a solid state switching element at “S.” 
These systems (see the LM1815) typically generate pulses 
of constant width and amplitude suitable for driving the 
charge pump directly. 


The charge pump circuit in Figure 7 can be operated in two 
modes: constant input pulse width (Cl acts as a coupling 
capacitor) and constant input duty cycle (Cl acts as a differ- 
entiating capacitor). The transfer functions for these two 
modes are quite diverse. However, deflection is always di- 
rectly proportional to R2 and ripple is proportional to C2. 
The following variables are used in the calculation of meter 
deflection: 

symbol description 
n number of cylinders 

o>, «idle engine speed at redline and idle, RPM 
0 pointer deflection at redline, degrees 

8 charge pump input pulse width, seconds 

V||sj peak to peak input voltages, volts 

A 0 maximum desired ripple, degrees 

k function generator gain, degrees/volt 

/, /idle input frequency at redline and idle, Hz 
Where the NPN transistor and regulator are used to create a 
pulse V|n = 8.5V. Acceptable ripple ranges from 3 to 10 de- 
grees (a typical pointer is about 3 degrees wide) depending 
on meter damping and the input frequency. 


The constant pulse width circuit is designed using the fol- 
lowing equations: 

100 julA<—~< 3 mA 
^ 108 
c > 2 -!7 

R-j0 12OR-|0 

R 2 -r 


(D 

(2) 

(3) 

(4) 


C 2 = 


V||sj8k/ V||s|no>8k ^ 


R 2 A0/|qle R 2 A0no>|DLE 


The constant duty cycle equations are as follows: 


Rreg ^ 3 kft 

Ri ^ V| N x104 -Rreg 

C-| ^ 8/10(Rreg + Ri) 

R z = 0/3.54na>C 1 = 0/425/C 1 
C 2 = 425C!/A0 


The values in Figure 1 were calculated with n=4, 
a) = 6000RPM, 0=270 degrees, 8=1 ms, V|n is 

Vreg-0.7V, and A0 = 3 degrees in the constant duty cycle 
mode. For distributorless ignitions these same equations will 
apply if o)/60 is substituted for /. 
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Typical Applications 



FIGURE 5. Typical Pulse-Squaring Circuit for 
Automotive Tachometers. 


TL/H/5263-9 



TL/H/5263-10 

FIGURE 6. Waveforms Encountered in Automotive 
Tachometer Circuit. 


C2 



FIGURE 7. Tachometer Charge Pump. 


Voltage Driven Meter with Norton Amplifier Buffer 



V JN 


TL/H/5263-5 


Deflection = 54 (V|n - .7)R 2 /Ri (degrees) 

0 to 305° deflection is obtained with .7 to 5V input. 
*Fuil scale deflection is adjusted by trimming R 2 . 
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Typical Applications (Continued) 


Unbuffered Voltage Driven Meter 



Deflection =54 (V|n~ 2.1) (degrees) 

0 to 305° deflection is obtained for inputs of 2.1 to 7.75V. 

Full scale deflection is adjusted by trimming the input voltage. 


Current Driven Meter 



Deflection = 54R 2 I|n (degrees) 

Inputs of 0 to 100 jutA deflect the meter 0 to 270°. 
"‘Full scale deflection is adjusted by trimming R 2 . 


3-216 





Typical Applications (Continued) 


Level Shifted Voltage Driven Meter 



TL/H/5263-8 

Deflection = 54 V|n (degrees) 

Inputs of 0 to 5.65V deflect the meter through a range of 0 to 305°. 

Full scale deflection is adjusted by trimming the input voltage. 
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LM1830 Fluid Detector 


General Description 

The LM1830 is a monolithic bipolar integrated circuit de- 
signed for use in fluid detection systems. The circuit is ideal 
for detecting the presence, absence, or level of water, or 
other polar liquids. An AC signal is passed through two 
probes within the fluid. A detector determines the presence 
or absence of the fluid by comparing the resistance of the 
fluid between the probes with the resistance internal to the 
integrated circuit. An AC signal is used to overcome plating 
problems incurred by using a DC source. A pin is available 
for connecting an external resistance in cases where the 
fluid impedance is of a different magnitude than that of the 
internal resistor. When the probe resistance increases 
above the preset value, the oscillator signal is coupled to 
the base of the open-collector output transistor. In a typical 
application, the output could be used to drive a LED, loud 
speaker or a low current relay. 


Features 


■ Low external parts count 

■ Wide supply operating range 

■ One side of probe input can be grounded 

■ AC coupling to probe to prevent plating 

■ Internally regulated supply 

■ AC or DC output 


Applications 

■ Beverage dispensers 

■ Water softeners 

■ Irrigation 

■ Sump pumps 

■ Aquaria 


■ Radiators 

■ Washing machines 

■ Reservoirs 

■ Boilers 


Logic and Connection Diagram 

Dual-In-Line Package 



TOP VIEW 

Order Number LM1830N 
See NS Package Number N14A 


TL/H/5700-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage 28V 

Power Dissipation (Note 1 ) 1 400 mW 


Output Sink Current 20 mA 

Operating T emperature Range - 40°C to + 85°C 

Storage T emperature Range - 40°C to + 1 50°C 

Lead Temp. (Soldering, 1 0 seconds) 260°C 


Electrical Characteristics (V + = 1 6V, Ta = 25°C unless otherwise specified) 


Supply Current 


Oscillator Output Voltage 
Low 
High 


Internal Reference Resistor 
Detector Threshold Voltage 
Detector Threshold Resistance 

Output Saturation Voltage 
Output Leakage 
Oscillator Frequency 


Conditions 



Iq= 10 mA 

VpiN 12= 16V 
Cl =0.00 1/xF 


Note 1: The maximum junction temperature rating of the LM1830N is 150°C. For operation at elevated temperatures, devices in the dual-in-line plastic package 
must be derated based on a thermal resistance of 89°C/W. 


Schematic Diagram 


OSCILLATOR 

OSCILLATOR OUTPUT 
(Rref> 



OPTIONAL 

DETECTOR FILTER 
INPUT CAPACITOR 
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RESISTANCE (ktt) 


Typical Performance Characteristics 


Normalized Oscillator Frequency 
vs Supply Voltage 


Threshold Resistance vs Supply 
Voltage 


Power Supply Current vs 
Supply Voltage 



SUPPLY VOLTAGE (V) 

SUPPLY VOLTAGE (V) 

SUPPLY VOLTAGE (V) 

Reference Resistor vs Ambient 
Temperature 

Detector Threshold Voltage 
vs Temperature 

Probe Threshold Resistance 
vs Temperature 



40 -20 0 20 40 60 80 100 

AMBIENT TEMPERATURE (°C) 


-40 -20 0 20 40 60 80 100 

AMBIENT TEMPERATURE (°C) 


-40 -20 D 20 40 60 80 100 

AMBIENT TEMPERATURE (°C> 


Oscillator Vqh and Vol 
vs Ambient Temperature 


-20 0 20 40 60 80 100 

TEMPERATURE (°C) 


Output Saturation Voltage vs 
Output Current 
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OUTPUT CURRENT (PIN 12) (mA) 


Oscillator Frequency vs 
Ambient Temperature 
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Application Hints 

The LM1830 requires only an external capacitor to com- 
plete the oscillator circuit. The frequency of oscillation is 
inversely proportional to the external capacitor value. Using 
0.001 jaF capacitor, the output frequency is approximately 6 
kHz. The output from the oscillator is available at pin 5. In 
normal applications, the output is taken from pin 1 3 so that 
the internal 13k resistor can be used to compare with the 
probe resistance. Pin 13 is coupled to the probe by a block- 
ing capacitor so that there is no net dc on the probe. 

Since the output amplitude from the oscillator is approxi- 
mately 4 Vbe. the detector (which is an emitter base junc- 
tion) will be turned “ON” when the probe resistance to 
ground is equal to the internal 13 kft resistor. An internal 
diode across the detector emitter base junction provides 
symmetrical limiting of the detector input signal so that the 
probe is excited with ±2 Vbe fro™ a 13 kn source. In cases 
where the 13 kn resistor is not compatible with the probe 
resistance range, an external resistor may be added by cou- 
pling the probe to pin 5 through the external resistor as 
shown in Figure 2. The collector of the detecting transistor 
is brought out to pin 9 enabling a filter capacitor to be con- 
nected so that the output will switch “ON” or “OFF” de- 
pending on the probe resistance. If this capacitor is omitted, 
the output will be switched at approximately 50% duty cycle 
when the probe resistance exceeds the reference resist- 
ance. This can be useful when an audio output is required 
and the output transistor can be used to directly drive a loud 
speaker. In addition, LED indicators do not require dc exci- 
tation. Therefore, the cost of a capacitor for filtering can be 
saved. 

In the case of inductive loads or incandescent lamp loads, it 
is recommended that a filter capacitor be employed. 

In a typical application where the device is employed for 
sensing low water level in a tank, a simple steel probe may 
be inserted in the top of the tank with the tank grounded. 
Then when the water level drops below the tip of the probe, 
the resistance will rise between the probe and the tank and 
the alarm will be operated. This is illustrated in Figure 3. In 
situations where a non-conductive container is used, the 
probe may be designed in a number of ways. In some cases 
a simple phono plug can be employed. Other probe designs 
include conductive parallel strips on printed circuit boards. 


It is possible to calculate the resistance of any aqueous 
solution of an electrolyte for different concentrations, pro- 
vided the dimensions of the electrodes and their spacing is 
known. 

The resistance of a simple parallel plate probe is given by: 

1000 dft 

R = • 

c.p A 

where A = area of plates (cm 2 ) 

d = separation of plates (cm) 
c= concentration (gm. mol. equivalent/litre) 
p = equivalent conductance 
(n-l cm 2 equiv. -1 ) 

(An equivalent is the number of moles of a substance that 
gives one mole of positive charge and one mole of negative 
charge. For example, one mole of NaCI gives Na+ +CI - so 
the equivalent is 1 . One mole of CaCl 2 gives Ca+ + + 2CI~ 
so the equivalent is 1 /2.) 

Usually the probe dimensions are not measured physically, 
but the ratio d/A is determined by measuring the resistance 
of a cell of known concentration c and equivalent conduct- 
ance of 1 . A graph of common solutions and their equivalent 
conductances is shown for reference. The data was derived 
from D.A. Maclnnes, “The Principles of Electrochemistry,” 
Reinhold Publishing Corp., New York., 1939. 

In automotive and other applications where the power 
source is known to contain significant transient voltages, the 
internal regulator on the LM1830 allows protection to be 
provided by the simple means of using a series resistor in 
the power supply line as illustrated in Figure 4. If the output 
load is required to be returned directly to the power supply 
because of the high current required, it will be necessary to 
provide protection for the output transistor if the voltages 
are expected to exceed the data sheet limits. 

Although the LM1830 is designed primarily for use in sens- 
ing conductive fluids, it can be used with any variable resist- 
ance device, such as light dependent resistor or thermistor 
or resistive position transducer. 

The following table lists some common fluids which may 
and may not be detected by resistive probe techniques. 


Conductive Fluids 

Non-Conductive Fluids 

City water 

Sea water 

Copper sulphate solution 
Weak acid 

Weak base 

Household ammonia 

Water and glycol mixture 

Wet soil 

Coffee 

Pure water 

Gasoline 

Oil 

Brake fluid 

Alcohol 

Ethylene glycol 

Paraffin 

Dry soil 

Whiskey 
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Typical Applications v cc = iev 



FIGURE 1. Test Circuit 



FIGURE 3. Basic Low Level Warning Device 
with LED Indication 


v cc 



FIGURE 2. Application Using External 
Reference Resistor 



TL/H/5700-4 

Output is activated when R p is approximately greater than y 3 Rref 

FIGURE 4. Direct Coupled Applications 
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Typical Applications v cc = i6v (continued) 


Low Level Warning with Audio Output 

Vcc 



High Level Warning Device 


Vcc 



RELAY OR 
SOLENOID 


TL/H/5700-5 


The Output is suitable for driving a sump pump 
or opening a drain valve, etc. 
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LM1946 Over/Under Current Limit Diagnostic Circuit 


General Description 

The LM1946 provides the industrial or automotive system 
designer with over or under current limit detection superior 
to that of ordinary transistor or comparator-based circuits. 
Each of the five independent comparators can be used to 
monitor a separate load as either an over current or under 
current limit detector. Two comparators monitoring a single 
load can function as a current window monitor. 

Current is sensed by monitoring the voltage drop across the 
wiring harness, pc board trace, or external sense resistor 
that feeds the load. 

Provisions for compensating the user set limits for wiring 
harness resistance variations over temperature and supply 
voltage variations are also available. 

When a limit is reached in one of the comparators, it turns 
on its output which can drive an external LED or microproc- 
essor. 

One side of the load can be grounded (not possible with 
ordinary comparator designs), which is important for auto- 
motive systems. 


Features 

■ Five independent comparators 

■ Capable of 20 mA per output 

■ Low power drain 

■ User set input threshold voltages 

■ Reverse battery protection 

■ 60V load dump protection on supply and all inputs 

■ Input common mode range exceeds Vcc 

■ Short circuit protection 

■ Thermal overload protection 

■ Prove-out test pin 

■ Available in plastic DIP and SO packages 

Applications 

■ Lamp fault detector 

■ Motor stall detector 

■ Power supply bus monitoring 


Typical Application Circuit — Lamp Fault Detector <i L > ia> 



— GND 


TL/H/8707-2 

FIGURE 1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage (Vcc and Input Pins) 

Survival Voltage (T ^ 100 ms) —50V to + 60V 

Operational Voltage 9V to 26V 

Internal Power Dissipation (Note 1 ) Internally Limited 


Output Short Circuit to Ground or Vcc Continuous 

Operating T emperature Range (T a) - 40°C to + 85°C 

Maximum Junction T emperature + 1 50°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) + 260°C 

ESD Susceptibility (Note 3) 600V 


Electrical Characteristics 9V ^ Vcc ^ 16V, Iset = 20 fxA, Tj = 25°C (unless otherwise specified) 


Parameter 

Conditions 

Quiescent Current 

All Outputs “Off” 

Reference Voltage 

Iref = 1 6 pA 

Reference Voltage 

Line Regulation 

9V <; V C c ^ 16V, l ref = 10 jtxA 

Iset Voltage 

Iset = 20 fiA 

Input Offset Voltage 

At Output Switch Point. Vq = 2V 
9V^V C m^16V 

Input Offset Current 

l|N(+) “ l|N<— ). 9V ^ V C m ^ 16V 

Input Bias Current 

l|N(+) O r *IN(— ). 9V ^ Vcm ^ 16V 


Either Input. T £ 100 ms 
Either Input. T ^ 100 ms 


l 0 = 2 mA, 9V ^ V C c £ 16V 


l 0 = 10 mA, 9V £ V C c ^ 16V 


Vo = 0V dc , Comparator “ON” 
Vq = 0V dc . Comparator “Off” 


At Switch Point on Any Output 
V 0 = 2V (Note 2) 



Input Common Mode 
Voltage Range 


Maximum Positive 
Input Transient 

Maximum Negative 
Input Transient 


Output Saturation 
Voltage 


Output Short Circuit 
Current 


Output Leakage Current 


Test Threshold 
Voltage 


Test Threshold 
Current 

Note 1: Thermal resistance from junction to ambient is typically 53°C/W (board mounted). 

Note 2: The test pin is an active high input, i.e. all five will be forced high when this pin is driven high. 
Note 3: Cesd = 1 00 pF, Resd = 1 -5k 



±1.00 

^A dc 

22.00 

^Adc 

26.0 

V d c 
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Application Hints 

THEORY OF OPERATION: UNDER-CURRENT LIMIT 
DETECTOR 


i EZ. ,s 


Lamp Fault Detector 

FIGURE 3. Equivalent Automotive Lamp Circuit 

The diagram of Figure 3 represents the typical lamp circuit 
found in most automobiles. Switch SI represents a dash- 
board switch, discrete power device, relay and/or flasher 
circuit used for turn signals. Sense resistor R s can be an 
actual circuit component (such as a 0.1 to 1W carbon resis- 
tor) or it can represent the resistance of some or all of the 
wiring harness* The load, represented here as a single bulb, 
can just as easily be two or more bulbs in parallel, such as 
front and rear parking lights, or left and right highbeams, etc. 
One of the easiest methods to electronically monitor proper 
bulb operation is to sense the voltage developed across R s 
by the bulb current II. If a fault occurs due to an open bulb 
filament, the load current, and sense voltage Vs, drop to 
zero (or to half their former values in the case of two bulbs 
wired in parallel). A comparator circuit can then monitor this 
sense voltage, and alert the system or system user (e.g. 
power an LED) if this sense voltage drops below a predeter- 
mined level (defined as the threshold voltage). 

Typical sense voltages range from tens to hundreds of milli- 
volts. Not only does this sense voltage vary nonlinearly with 
the battery voltage, it may vary significantly with ambient 
temperature depending on the temperature coefficient (TC) 
of the sense resistor or wiring harness. Since these nonlin- 
ear characteristics can vary from system to system, and 
sometimes even within a single system, provisions must be 
made to accommodate them. There are two general meth- 
odologies to accomplish this. 

The first method uses only one bulb per monitoring circuit. A 
sense resistor is selected to give 50-100 mV of sense volt- 
age in an operational circuit, and a comparator threshold 
detecting voltage of approximately 10 mV is set. Even if 
component tolerances, battery line variations, and tempera- 
ture coefficients cause the sense voltage to vary 3:1 or 
more, circuit operation will not be affected. 

The second method must be used if two or more bulbs are 
wired in parallel and it is necessary to detect if any single 
lamp fails. This is often desirable as it reduces the number 
of comparators and displays and system cost by at least a 
factor of two. In this case, the sense voltage will drop by 
only half (or less) of it’s original value. For example, a nomi- 
nal 100 mV drop across the sense resistor will drop to 
50 mV if one of two bulbs fail. Therefore, a threshold detec- 
tion voltage between 50 and 100 mV is required (since a 


10 mV threshold would alert the system only if both bulbs 
failed). Yet a fixed threshold of 75 mV may not work if the 
nominal 100 mV sense voltage can vary 3:1 due to the fac- 
tors mentioned earlier. What is required is a comparator with 
a threshold-detecting voltage that tracks the nominal sense 
voltage as battery line and ambient temperature change. 
Thus, while the sense voltage may nominally be anywhere 
from 50 to 150 mV, the threshold voltage will always be 
roughly 75% of it, or 37 mV to 1 12 mV, and will detect the 
failure of either of two bulbs. 

The LM1 946 integrated circuit contains five comparators es- 
pecially designed for lamp monitoring requirements. Since 
all lamps in a system share the same battery voltage and 
ambient temperature, accommodations for these variations 
need to be made only once at the 1C, and each threshold of 
the five comparators then tracks these variations. 

SETTING THE COMPARATOR THRESHOLD VOLTAGE 

The threshold voltage at which the comparator output 
changes state is user-set in order to accommodate the 
many possible system designs. The input bias currents are 
purposely high to accomplish this, and are each equal to the 
user-set current into the Iset pin (more on this later). Typi- 
cally around 20 juA, the effect of this across the sense resis- 
tor R s compared to a typical load measured in amps is negli- 
gible and can be ignored. However, when resistors R1 and 
R2 (Figure 4) are added to the circuit, a shift in the threshold 
voltage is effected. This occurs since each input has been 
affected by different IR drops. The LM1946 behaves like 
any other comparator in that the output switches when the 
input voltage at the 1C pins is zero millivolts (ignoring offset 
voltage for the moment). If the output therefore has just 
switched states due to just the right threshold voltage 
across the sense resistor, then the sum of voltages around 
the resistor loop should equal zero: 



COMPARATOR 

OUTPUT 


Vthrshld = Iset (R1 - R2) 

FIGURE 4. Input Bias Current 

Vthrshld + Iset • R2 - Voffset - Iset • R1 = 0 
Assuming Voffset < Vthrshld: 

Vthrshld = Iset • R1 - Iset • R2 
Vthrshld = Iset (R1 - R2) 
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Application Hints (Continued) 

Typical values are: 

R1 6.2k ±5% 

R2 = 1.2k ±5% 

Iset = 20 jutA @ 25°C 

Vthrshld = 20 jutA (6.2k - 1.2k) = 100 mV 
For values of sense voltages greater than 1 00 mV, the com- 
parator output is off (low). Sense voltages less than 1 00 mV 
turn the output on (high). 

It’s also important that the output of the comparator be in 
the “off’ state when the inputs are taken to ground, i.e. Si 
is opened and the lamp is turned “off”. The input section of 
LM1946 has been designed to turn “off” when the inputs 
are grounded and therefore not deliver an erroneous bulb 
out indication. The comparator is only activated when the 
inputs are above ground by at least 3V. 

R1 and R2 are necessary for another reason. These resis- 
tors protect the input terminals of the 1C from the many 
transients in an automobile found on the battery line, some 
of which can exceed a thousand volts for a few microsec- 
onds. A minimum value of approximately 1 kfl is therefore 
recommended. 

COMPENSATING FOR BATTERY VOLTAGE 

The current through a typical automotive lamp, whether a 
headlight or dashboard illumination lamp, will vary as battery 
voltage changes. The change, however, is nonlinear. Dou- 
bling the battery voltage does not double the lamp current. 



0 2 4 6 8 10 12 14 16 18 

Vbat(v) 

TL/H/8707-21 

FIGURE 5 

This occurs since a higher voltage will heat the filament 
more, increasing its resistance and allowing less current to 
flow than expected. Figure 5 shows this effect. A best fit 
straight line over the normal battery range of 9V to 1 6V for 
this particular example can be given by: 

II (Amps) = 0.62 + 0.069 • Vbattery 


V CC (PIN 17) v ref (PiN 16) 



lset(PIN 15) 


— T?* 


R4 R3 

Vref _ . . (± , J_\ 
R3 ' 4 VR3 R4/ 

FIGURE 6 


TL/H/8707-10 


Thus, in actual use, the LM1946 threshold voltage should 
track the variations in bulb current with respect to battery 
voltage. To accomplish this, Iset should have a component 
that varies with the battery. As shown in the LM1946 circuit 
schematic of Figure 18, the Iset pin is two diode drops 
above ground, or approximately 1 .4V. A resistor from this 
pin to the 6.4V reference sets the fixed component of Iset; a 
resistor to the battery line sets the variable component. 
Thus, the best fit straight line in Figure 5 can be realized 
exactly with only two resistors. The result is shown in Figure 
6, giving a nominal Iset of 20 fxA that tracks the bulb current 
as supply varies from 9V to 16V. The graph of Figure 7 
shows the final result comparing a typical sense voltage 
across Rs with the comparator threshold voltage as the 
supply varies. 


COMPENSATING FOR AMBIENT 
TEMPERATURE VARIATION 


If the sense resistors used in a system are perfect compo- 
nents with no temperature coefficient, then the compensa- 
tion to be subsequently detailed here is unnecessary. How- 
ever, resistors of the very small values usually required in a 
lamp monitoring system are sometimes difficult or expen- 
sive to acquire. A convenient alternative is the wiring har- 
ness, a length of wire, or even a trace on a printed circuit 
board. All of these are of copper material and therefore can 
vary by as much as 3900 ppm/°C. The LM1946 has been 
designed to accommodate a wide range of temperature 
compensation techniques. If the Iset current is designed to 
increase or decrease with temperature, nearly any tempera- 
ture coefficient can be produced in the threshold voltage of 
the five input pairs. 



Wv) 

TL/H/8707-22 

FIGURE 7 
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Application Hints (Continued) 

One solution is to use a low cost thermistor in conjunction 
with some low-TC resistors (see Figure 6). 

There are three fixed resistors and one thermistor. This is 
an NTC thermistor, since it has a negative temperature co- 
efficient. This is what is required in order to have I set in- 
crease as the temperature rises. The data sheet with the 
thermistor described a number of ways to establish different 
final TC’s. The thermistor itself has a very large TC which is 
somewhat difficult to describe mathematically. But, if it is 
used with some other fixed resistors, such as Rmin and 
Rmax, definite end point limits can be established and an 


approximate staight line TC generated. See Figure 9 for a 
graphic representation of the ideal calculated values of Iset 
and the actual measured values generated. Notice that 
there is very close agreement between the two graphs. The 
circuit actually creates an S-shaped curve around the ideal. 
The low-cost thermistor is available from Keystone and is 
listed as follows: RL2008-52.3K-155-D1. 

OVER-CURRENT LIMIT DETECTOR 

Other applications include an over-current detector, as 
shown in Figure 10. The load represented here can be ei- 
ther a single component or an entire system. Resistors R3 



TL/H/8707-11 

FIGURE 8. Thermistor/Resistor Network 


Thermistor 

Keystone: 

RL2008-52.3K-1 55-D1 
100k @ 25°C 



-60 -40 -20 0 20 40 60 80 100 120 


TEMPERATURE (°C) 

TL/H/8707-12 

FIGURE 9. Iset vs Temperature with Figure 8 Circuit 
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Application Hints (Continued) 



TL/H/8707-7 

FIGURE 10. Using the LM1946 as an Over-Current Limit Detector 


and R4 again allow the system designer to tailor the thresh- 
old limit to the V/l characteristics of each particular system. 
The input threshold voltage is determined by, and directly 
proportional to, Iset into pin 20. R3, from the on-chip refer- 
ence voltage, provides a current and threshold that is inde- 
pendent of the supply voltage, V<x* R4 provides a current 
directly proportional to supply. These resistors allow thresh- 
olds to be either independent of, or directly proportional to 
supply voltage, or anything in between. For example, the 
values in Figure Ware tailored to match the V/l characteris- 
tics of the bulb filament used in earlier examples. However, 
if the load had purely resistive characteristics, Iset and the 
threshold would be set with R4 only, eliminating R3. Like- 
wise, if the load current was independent of supply, such as 
in many systems powered by a voltage regulator, Iset would 
be better set by R3 only, eliminating R4. Further details on 
this and how to handle variations with ambient temperature 
with resistor and thermistor combinations are discussed in 
detail in previous sections. Compensation for temperature 
variations, however, is rarely necessary since short circuit or 
over-current values are usually much greater than the nomi- 
nal value. For example, if the load in Figure W represented 
a DC motor, the circuit could be used to detect the motor 
stall condition. Stall current through the sense resistor, Rs, 
would typically be five times the nominal running current. By 
setting the threshold at three times the nominal current val- 
ue, enough margin exists that minor variations due to tem- 
perature can be ignored. The variation in stall current due to 
battery or supply voltage can be significant, however. Being 
approximately proportional, Iset would best be set in this 
case by R4 only. 

WINDOW DETECTOR 

The availability of more than one comparator per 1C allows 
many other applications. One is the current sense window 
detector. Many times it is useful to know that a certain cur- 
rent is within both an upper and lower limit. Using two of the 
LM1946 comparators and the circuit of Figure 11 will ac- 
complish this. In this particular case, high and low limits 


are approximately 3A and 1A respectively. The outputs can 
be kept separate or wired-or, as shown, to a single output 
load as a simple out-of-bounds detector. 



FIGURE 11. Current Limit Window Detector 


COMPARATOR INPUT STAGE 

The LM1 946 1C consists of five specially designed compara- 
tor input circuits to monitor the IR drop across the wiring 
harness or the sense resistor between the battery and the 
light bulb. These comparators have been designed to ac- 
commodate a wide range of input signals without damage to 
the 1C or the load circuitry. The inputs can easily withstand a 
common mode voltage above the positive supply since the 
inputs are the emitters of two matched PNP devices (see 
Figure 12). This is vital in a system which must operate in 
the conditions present under the hood of an automobile. 
The inputs can also survive when taken well below ground. 
If a negative voltage is present at the inputs of the compara- 
tor, the two emitter-base PNP junctions become reverse bi-^ 
ased and block any current flow in or out of the device. To 
disable an unused comparator it is recommended that the 
inputs be connected to ground. 
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Application Hints (Continued) 


-INPUT +INPUT 



TL/H/8707-13 

FIGURE 12. Comparator Input Stage 
THE OUTPUT SECTION 

The output section of the LM1946 is different from most 
automotive comparators as it employs high beta proprietary 
PNP transistors which are very rugged and capable of high- 
er output currents. Each of the five comparator outputs is 
capable of at least 20 mA of drive and are internally current 
limited and protected against supply overvoltage. The 
LM1946 is therefore capable of driving LED’s directly and 
larger bulbs via an external grounded base NPN (see Fig- 
ures 13 and 14). The outputs can also be wired-or together 
without harm. 

For use in systems with ,a microprocessor flag instead of a 
dashboard indicator, the LM1946 can be powered by a stan- 
dard 5 V logic supply. This prevents the LM1946 output from 
swinging above the microprocessor supply which might 
cause latch problems. Since the input common mode range 
is independent of supply, the inputs can still operate at any 
level up to 26V. Since the outputs can source current only, 
pull-down resistors as in Figure 15 are required, their value 
depending on the input drive requirements of the particular 
microprocessor used. When operating with a Vcc supply 
less than 7V, it is important to connect the Vref pin to Vcc- 
This forces Vref to a fixed voltage which is used for bias of 
internal circuitry. 




I INDICATOR 
I LAMP 


FIGURE 14 


TEST PIN 

The test pin is a high impedance logic input. Forcing this pin 
high (^ 2V) forces all five comparator outputs on. This is 
used to test the indicator LED display (or other output load). 
The usual application circuit connects this pin to the ignition 
crank line. During engine crank, therefore, the LM1946 out- 
put display will light, similar to the usual dashboard indica- 
tors. The test pin was designed to operate with the usual 
transient voltages found on the crank line as long as a limit- 
ing resistor (e.g. 30k) separates them (Figure 1). 

Minimum pulse width (ms) ~ 0.01 + 1 .5 • Cl (/aF) 



TL/H/8707-15 

FIGURE 15 
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Application Hints (Continued) 

MORE NOISE FILTERING 

The current flowing through the sense resistor and certain 
loads can sometimes be very noisy, particularly when the 
load is a DC motor, or switching supply. Large amounts of 
noise on the supply line can also cause problems when 
threshold voltages are set to very small values. In these 
cases, while the average current level may remain well be- 
low the threshold trip point, noise peaks may exceed it. A 
LED display could then flicker or appear dimly lit, or exces- 
sive software routines and processor time may be required 
for a jutP to disregard such noise. Often such noise must be 
filtered directly at the inputs, using the input resistors R1 
and R2 and a capacitor. Care must be taken, however, that 
such a filter will not cause an erroneous output state upon 
power-up or whenever switch SI is closed. The most effec- 
tive general methodology to achieve this is to split the resis- 
tor in the positive input lead into two resistor values and 
connect a capacitor from here to the negative input. For 
example, the 1.2k resistor R2 of Figure 10 could be re- 
placed with 3.9k and 1.2k resistors as shown in Figure 16a 
(R1 increasing from 6.2k to 10k to compensate). The value 
of capacitor C2 depends upon the degree of filtering re- 
quired, the amount of noise present, and the response times 
desired. The choice of values for the new resistors is almost 
arbitrary. Generally the larger value is attached to the sense 
resistor for better decoupling. The smaller value must be 
large enough so that the DC voltage across it upon power- 
up exceeds the maximum offset voltage expected of the 
comparator (i.e. lset*R2b>5.0mV). It is this requirement 
that guarantees that the output will not be in an erroneous 
high state upon power-up or whenever SI is closed. (Should 
this feature be unnecessary to a particular application cir- 
cuit, the methqdology described can be replaced with a sim- 
ple capacitor across the comparator input pins). 


For extremely severe cases, additional filter stages can be 
cascaded at the inputs (see Figure 17). Since the input bias 
currents of the comparator are equal at the input threshold 
level, the voltage drops across the Ik resistors cancel and 
do not affect the DC operation of the circuit (ignoring resis- 
tor match tolerance and los). If an application circuit is noisy 
enough to require such an elaborate filter, then ferrite 
beads, shown here as LI and L2, will also probably help. 


R1 



R2a R2b 

3.9K 1.2K 


TL/H/8707-16 

a. Open-Circuit Detector 


Rla Rib 



R2 

IK 


TL/H/8707-17 

b. Over-Current Limit Detector 

FIGURE 16. Input Noise Filters for 
Various Application Circuits 
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National Semiconductor 


LM1949 Injector Drive Controller 


General Description 

The LM1949 linear integrated circuit serves as an excellent 
control of fuel injector drive circuitry in modern automotive 
systems. The 1C is designed to control an external power 
NPN Darlington transistor that drives the high current injec- 
tor solenoid. The current required to open a solenoid is sev- 
eral times greater than the current necessary to merely hold 
it open; therefore, the LM1949, by directly sensing the actu- 
al solenoid current, initially saturates the driver until the 
“peak” injector current is four times that of the idle or “hold- 
ing” current (Figure 3-Figure 7). This guarantees opening 
of the injector. The current is then automatically reduced to 
the sufficient holding level for the duration of the input 
pulse. In this way, the total power consumed by the system 
is dramatically reduced. Also, a higher degree of correlation 
of fuel to the input voltage pulse (or duty cycle) is achieved, 
since opening and closing delays of the solenoid will be 
reduced. 

Normally powered from a 5V ±10% supply, the 1C is typi- 
cally operable over the entire temperature range (-55°C to 
+ 1 25°C ambient) with supplies as low as 3 volts. This is 
particularly useful under “cold crank” conditions when the 
battery voltage may drop low enough to deregulate the 
5-volt power supply. 

The LM1949 is available in the plastic miniDIP, (contact fac- 
tory for other package options). 


Features 

■ Low voltage supply (3 V- 5.5V) 

■ 22 mA output drive current 

■ No RFI radiation 

■ Adaptable to all injector current levels 

■ Highly accurate operation 

■ TTL/CMOS compatible input logic levels 

■ Short circuit protection 

■ High impedance input 

■ Externally set holding current, Ih 

■ Internally set peak current (4 x Ih) 

■ Externally set time-out 

■ Can be modified for full switching operation 

■ Available in plastic 8-pin miniDIP 

Applications 

■ Fuel injection 

■ Throttle body injection 

■ Solenoid controls 

■ Air and fluid valves 

■ DC motor drives 


Typical Application Circuit 
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FIGURE 1. Typical Application and Test Circuit 

Order Number LM1949M or LM1949N 
See NS Package Number M08A or N08E 


3-235 


LM1949 



LM1949 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage 8V 

Power Dissipation (Note 1 ) 1 235 mW 


Input Voltage Range 
Operating Temperature Range 
Storage Temperature Range 
Junction Temperature 
Lead Temp. (Soldering 10 sec.) 


-0.3V to Vcc 

-40°Cto +125°C 
-65°Cto + 1 50°C 
1 50 # C 
260°C 


Electrical Characteristics (V C c=5.5V, V|n = 2.4V, Tj = 25°C, Figure 1, unless otherwise specified.) 


Symbol 

Parameter 

•cc 

Supply Current 

Off 

Peak 

Hold 

VoH 

Input On Level 

VoL 

Input Off Level 

•b 

Input Current 

•op 

Output Current 

Peak 

Hold 

Vs 

Output Saturation Voltage 

Vp 

V H 

Sense Input 

Peak Threshold 

Hold Reference 

t 

Time-out, t 


Conditions 


V, N = 0V 
Pin 8 = 0V 
Pin 8 Open 


V CC = 5.5V 
V CC = 3.0V 


V CC = 5.5V 
V CC = 3.0V 


Pin 8 = 0V 
Pin 8 Open 


10 mA, V|n — 0V 


Vcc = 4.75 V 


tH-RjCl 


NOTE 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 1 50°C maximum junction temperature and i 
resistance of 100°C/W junction to ambient. 



Typical Circuit Waveforms 


BATTERY VOLTAGE ,ov 

Vbatt IV) sv 


NORMAL BATTERY VOLTAGE 


"COLO CRANK” OR LOW BATTERY VOLTAGE 


INPUT VOLTAGE SV 
PIN I IV) nu 


SENSE INPUT °' 3V 
VOLTAGE (VI 0.2V 
PIN 4 o.1V 


TIMER VOLTAGE 
PIN 8 |V) 



Qi COLLECTOR 
VOLTAGE (V) ,5V 



INJECTOR 

CURRENT (A) » 
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Schematic Diagram 
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Typical Performance Characteristics (Continued) 


Sense Input Hold Voltage 
vs Junction Temperature 
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vs Junction Temperature 
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Application Hints 

The injector driver integrated circuits were designed to be 
used in conjunction with an external controller. The LM1949 
derives its input signal from either a control oriented proces- 
sor (COPStm), microprocessor, or some other system. This 
input signal, in the form of a square wave with a variable 
duty cycle and/or variable frequency, is applied to Pin 1 . In 
a typical system, input frequency is proportional to engine 
RPM. Duty cycle is proportional to the engine load. The cir- 
cuits discussed are suitable for use in either open or closed 
loop systems. In closed loop systems, the engine exhaust is 
monitored and the air-to-fuel mixture is varied (via the duty 
cycle) to maintain a perfect, or stochiometric, ratio. 

INJECTORS 

Injectors and solenoids are available in a vast array of sizes 
and characteristics. Therefore, it is necessary to be able to 
design a drive system to suit each type of solenoid. The 
purpose of this section is to enable any system designer to 
use and modify the LM1949 and associated circuitry to 
meet the system specifications. 

Fuel injectors can usually be modeled by a simple RL circuit. 
Figure 3 shows such a model for a typical fuel injector. In 
actual operation, the value of Li will depend upon the status 
of the solenoid. In other words, Li will change depending 

M 

2mH hi 

TL/H/5062-6 

FIGURE 3. Model of a Typical Fuel Injector 

upon whether the solenoid is open or closed. This effect, if 
pronounced enough, can be a valuable aid in determining 
the current necessary to open a particular type of injector. 
The change in inductance manifests itself as a breakpoint in 
the initial rise of solenoid current. The waveforms on Page 2 
at the sense input show this occurring at approximately 1 30 
mV. Thus, the current necessary to overcome the constric- 
tive forces of that particular injector is 1 .3 amperes. 

PEAK AND HOLD CURRENTS 

The peak and hold currents are determined by the value of 
the sense resistor Rs- The driver 1C, when initiated by a 
logic 1 signal at Pin 1 , initially drives Darlington transistor Qi 
into saturation. The injector current will rise exponentially 
from zero at a rate dependent upon Li, Ri, the battery volt- 


age and the saturation voltage of Qi. The drop across the 
sense resistor is created by the solenoid current, and when 
this drop reaches the peak threshold level, typically 385 mV, 
the 1C is tripped from the peak state into the hold state. The 
1C now behaves more as an op amp and drives Qi within a 
closed loop system to maintain the hold reference voltage, 
typically 94 mV, across Rs- Once the injector current drops 
from the peak level to the hold level, it remains there for the 
duration of the input signal at Pin 1 . This mode of operation 
is preferable when working with solenoids, since the current 
required to overcome kinetic and constriction forces is often 
a factor of four or more times the current necessary to hold 
the injector open. By holding the injector current at one 
fourth of the peak current, power dissipation in the sole- 
noids and Qi is reduced by at least the same factor. 

In the circuit of Figure 1, it was known that the type of injec- 
tor shown opens when the current exceeds 1 .3 amps and 
closes when the current then falls below 0.3 amps. In order 
to guarantee injector operation over the life and tempera- 
ture range of the system, a peak current of approximately 4 
amps was chosen. This led to a value of Rs of 0.1ft. Divid- 
ing the peak and hold thresholds by this factor gives peak 
and hold currents through the solenoid of 3.85 amps and 
0.94 amps respectively. 

Different types of solenoids may require different values of 
current. The sense resistor Rs may be changed accordingly. 
An 8-amp peak injector would use Rs equal to .05ft, etc. 
Note that for large currents above one amp, IR drops within 
the component leads or printed circuit board may create 
substantial errors unless appropriate care is taken. The 
sense input and sense ground leads (Pins 4 and 5 respec- 
tively), should be Kelvin connected to Rs- High current 
should not be allowed to flow through any part of these 
traces or connections. An easy solution to this problem on 
double-sided PC boards (without plated-through holes) is to 
have the high current trace and sense trace attach to the 
Rs lead from opposite sides of the board. 

TIMER FUNCTION 

The purpose of the timer function is to limit the power dissi- 
pated by the injector or solenoid under certain conditions. 
Specifically, when the battery voltage is low due to engine 
cranking, or just undercharged, there may not be sufficient 
voltage available for the injector to achieve the peak cur- 
rent. In the Figure 2 waveforms under the low battery condi- 
tion, the injector current can be seen to be leveling out at 3 
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Timer Function (Continued) 

amps, or 1 amp below the normal threshold. Since continu- 
ous operation at 3 amps may overheat the injectors, the 
timer function on the 1C wilt force the transition into the hold 
state after one time constant (the time constant is equal to 
RyCj). The timer is reset at the end of each input pulse. For 
systems where the timer function is not needed, it can be 
disabled by grounding Pin 8. For systems where the initial 
peak state is not required, (i.e., where the solenoid current 
rises immediately to the hold level), the timer can be used to 
disable the peak function. This is done by setting the time 
constant equal to zero, (i.e., Cj = 0). Leaving Rj in place is 
recommended. The timer will then complete its time-out and 
disable the peak condition before the solenoid current has 
had a chance to rise above the hold level. 

The actual range of the timer in injection systems will proba- 
bly never vary much from the 3.9 milliseconds shown in 
Figure 1. However, the actual useful range of the timer ex- 
tends from microseconds to seconds, depending on the 
component values chosen. The useful range of Rj is ap- 
proximately 1 k to 240k. The capacitor Cj is limited only by 
stray capacitances for low, values and by leakages for large 
values. 

The capacitor reset time at the end of each controller pulse 
is determined by the supply voltage and the capacitor value. 
The 1C resets the capacitor to an initial voltage (Vqe) by 
discharging it with a current of approximately 15 mA. Thus, 
a 0.1 jutF cap is reset in approximately 25 jms. 

COMPENSATION 

Compensation of the error amplifier provides stability for the 
circuit during the hold state. External compensation (from 
Pin 2 to Pin 3) allows each design to be tailored for the 
characteristics of the system and/or type of Darlington pow- 
er device used. In the vast majority of designs, the value or 
type of the compensation capacitor is not critical. Values of 
100 pF to 0.1 fiF work well with the circuit of Figure 1. The 
value shown of .01 juF (disc) provides a close optimum in 
choice between economy, speed, and noise immunity. In 
some systems, increased phase and gain margin may be 
acquired by bypassing the collector of Qi to ground with an 
appropriately rated 0.1 ^F capacitor. This is, however, rarely 
necessary. 

FLYBACK ZENER 

The purpose of zener Zi is twofold. Since the load is induc- 
tive, a voltage spike is produced at the collector of Qi any- 
time the injector current is reduced. This occurs at the peak- 
to-hold transition, (when the current is reduced to one fourth 
of its peak value), and also at the end of each input pulse, 
(when the current is reduced to zero). The zener provides a 
current path for the inductive kickback, limiting the voltage 
spike to the zener value and preventing Qi from damaging 
voltage levels. Thus, the rated zener voltage at the system 
peak current must be less than the guaranteed minimum 
breakdown of Qi. Also, even while Zi is conducting the 
majority of the injector current during the peak-to-hold tran- 
sition (see Figure 4), Qi is operating at the hold current 
level. This fact is easily overlooked and, as described in the 
following text, can be corrected if necessary. Since the error 
amplifier in the 1C demands 94 mV across Rs, Qi will be 
biased to provide exactly that. Thus, the safe operating area 
(SOA) of Qi must include the hold current with a Vce of Zi 
volts. For systems where this is not desired, the zener an- 
ode may be reconnected to the top of Rs as shown in Fig- 
ure 5. Since the voltage across the sense resistor now ac- 
curately portrays the injector current at all times, the error 



amplifier keeps Qi off until the injector current has decayed 
to the proper value. The disadvantage of this particular con- 
figuration is that the ungrounded zener is more difficult to 
heat sink if that becomes necessary. 

The second purpose of Zi is to provide system transient 
protection. Automotive systems are susceptible to a vast 
array of voltage transients on the battery line. Though their 
duration is usually only milliseconds long, Qi could suffer 
permanent damage unless buffered by the injector and Zi. 
This is one reason why a zener is preferred over a clamp 
diode back to the battery line, the other reason being long 
decay times. 


Vbatt 
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POWER DISSIPATION 

The power dissipation of the system shown in Figure 1 is 
dependent upon several external factors, including the fre- 
quency and duty cycle of the input waveform to Pin 1 . Cal- 
culations are made more difficult since there are many dis- 
continuities and breakpoints in the power waveforms of the 
various components, most notably at the peak-to-hold tran- 
sition. Some generalizations can be made for normal opera- 
tion. For example, in a typical cycle of operation, the majori- 
ty of dissipation occurs during the hold state. The hold state 
is usually much longer than the peak state, and in the peak 
state nearly all power is stored as energy in the magnetic 
field of the injector, later to be dumped mostly through the 
zener. While this assumption is less accurate in the case of 
low battery voltage, it nevertheless gives an unexpectedly 
accurate set of approximations for general operation. 

The following nomenclature refers to Figure 1. Typical val- 
ues are given in parentheses: 

Rs = Sense Resistor (0.1ft) 

Vh = Sense Input Hold Voltage (.094V) 

V p = Sense Input Peak Voltage (.385V) 

V z =Zi Zener Breakdown Voltage (33V) 

Vbatt = Battery Voltage (1 4V) 

Li = Injector Inductance (.002H) 

Ri = Injector Resistance (1 ft) 

n =Duty Cycle of Input Voltage of Pin 1 (0 to 1) 

f = Frequency of Input (1 0Hz to 200Hz) 


Qi Power Dissipation: 

Vh 

Pq~ n* Vbatt •—Watts 
ns 

Zener Dissipation: 


P z ~ V z • Li • f • 


(V P 2 + V H 2 ) 
((Vz-Vbatt) • Rs 2 ) 


Watts 


Injector Dissipation: 

Vh 2 

Pi ~ n • Ri • Watts 
Rs^ 


Sense Resistor: 

Pr ~ n Watts 

Vp2 

Pr (worst case) ~ n — - Watts 
Rs^ 


SWITCHING INJECTOR DRIVER CIRCUIT 

The power dissipation of the system, and especially of Qi, 
can be reduced by employing a switching injector driver cir- 
cuit. Since the injector load is mainly inductive, transistor Qi 
can be rapidly switched on and off in a manner similar to 
switching regulators. The solenoid inductance will naturally 
integrate the voltage to produce the required injector cur- 
rent, while the power consumed by Qi will be reduced. A 
note of caution: The large amplitude switching voltages that 
are present on the injector can and do generate a tremen- 
dous amount of radio frequency interference (RFI). Because 
of this, switching circuits are not recommended. The extra 
cost of shielding can easily exceed the savings of reduced 
power. In systems where switching circuits are mandatory, 
extensive field testing is required to guarantee that RFI can- 
not create problems with engine control or entertainment 
equipment within the vicinity. 


The LM1949 can be easily modified to function as a switch- 
er. Accomplished with the circuit of Figure 7, the only addi- 
tional components required are two external resistors, Ra 
and Rb- Additionally, the zener needs to be reconnected, as 
shown, to Rs- The amount of ripple on the hold current is 
easily controlled by the resistor ratio of Ra to Rb- Rb is kept 
small so that sense input bias current (typically 0.3 mA) has 
negligible effect on Vr. Duty cycle and frequency of oscilla- 
tion during the hold state are dependent on the injector 
characteristics, Ra, Rb. and the zener voltage as shown in 
tfie following equations. 

Hold Current ~ — 

(*h.-£*Vz) 

Minimum Hold Current ~ 

Rs 


Ripple or Al Hold ~ — • V z • 

Ra r S 

x ~ Rs.Ra. Vbatt _ ( , V B att\ 

fo ~i7 Wr^ri 

f 0 = Hold State Oscillation Frequency 


Duty Cycle of f 0 ~ ^tt 11 

Vz 

Component Power Dissipation 

( + V B ATt\ _ V S AT ^ w 

p Q_n.^-— j. — .V H 

Vsat = Qi Saturation Volt @ ~ 1 Amp (1 .5V) 

P z ~ n » Vba TT * Vh 


Pra ~ 


Vb*Vz 

Ri 


As shown, the power dissipation by Qi in this manner is 
substantially reduced. Measurements made with a thermo- 
couple on the bench indicated better than a fourfold reduc- 
tion in power in Qi . However, the power dissipation of the 
zener (which is independent of the zener voltage chosen) is 
increased over the circuit of Figure 1. 
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National Semiconductor 


LM9044 Lambda Sensor Interface Amplifier 


General Description 

The LM9044 is a precision differential amplifier specifically 
designed for operation in the automotive environment. Gain 
accuracy is guaranteed over the entire automotive tempera- 
ture range (-40°C to + 125°C) and is factory trimmed prior 
to package assembly. The input circuitry has been specifi- 
cally designed to reject common-mode signals as much as 
3V below ground on a single positive power supply. This 
facilitates the use of sensors which are grounded at the 
engine block while the LM9044 itself is grounded at chassis 
potential. An external capacitor sets the maximum operating 
frequency of the amplifier, thereby filtering high frequency 
transients. Both inputs are protected against accidental 
shorting to the battery and against load dump transients. 
The input impedance is typically 1 MH. 

The output op amp is capable of driving capacitive loads 
and is fully protected. Also, internal circuitry has been pro- 


vided to detect open circuit conditions on either or both in- 
puts and force the output to a “home” position (a ratio of 
the external reference voltage). 

Features 

■ Normal circuit operation guaranteed with inputs up to 
3V below ground on a single supply 

■ Gain factory trimmed and guaranteed over temperature 
(±3% of full-scale from -40°C to +125°C) 

■ Low power consumption (typically 1 mA) 

■ Fully protected inputs 

■ Input open circuit detection 

■ Operation guaranteed over the entire automotive tem- 
perature range (-40°C to +125°C) 

■ Single supply operation 


Schematic and Connection Diagrams 



3]_2LJL_|2°Jl3„ 



Order Number LM9044V 
See NS Package Number V20A 


NON-INVERTING J] 
INPUT 


*Pins 1, 3, 4, 6, 8, 9, 10, 1 1, 13, 14, 16, 18, 19 are 
trim pins and should be left floating. 


9| 10| TTf 12| 13| 

* * * | * 

a? TL/H/6744-6 

Top View 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Vcc Supply Voltage (RVcc = 1 5 kft) ± 60V 

Vref Supply Voltage - 0.3V to + 6V 

DC Input Voltage (Either Input) - 3V to + 1 6V 

Input Transients (Note 1 ) ± 60V 

Power Dissipation (see Note 6) 1350 mW 

Output Short Circuit Duration Indefinite 


Operating Temperature Range L-40°Cto if125°C 

Storage T emperature Range - 65°C to+ 1 50°C 

Soldering Information 
Plastic Chip Carrier Package 

Vapor Phase (60 seconds) 215°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics vcc = 12V, v REF = sv, -4o°c ? t a <; i25°c unless otherwise noted 


Differential Voltage Gain 


Gain Error (Note 5) 


Differential Input Resistance 


Non-Inverting Input Bias 
Current 


Inverting Input Bias Current 


Vcc Supply Current 
Vref Supply Current 

Common-Mode Voltage 
Range (Note 4) 

DC Common-Mode 
Rejection Ratio 

Open Circuit Output Voltage 


Conditions 

V D |F=*0.5V 

-1V^Vcm^ + 1V 

V D |F = 0.$V, -3V£V C m^ + 1V 
_____ - — ~ 

-iv^Vcm^-mv 

O^Vdif^IV 

-3V^V C m^ + 1V 

_____ — — — ~ 

-1V^V C M^-MV 

O^VpiF^IV 

-3V^Vc M ^+iV 

O^VpiF^IV 

-IV^Vcm^ + IV 
O^Vdif^IV 

— 3V<:v cm ^ ~h v 

O^Vqif^IV 
-1V^Vcm^ + 1V 

OV^VpiF^IV 
-3V^V C m^ + 1V 

Vcc = 1 2V. RVcc = 15k ~ 

4.75V ^ Vref ^ 5.5V 


Input Referred 
-1V^VcM^ + 1V 
VpiF=0.5V 

One or Both Inputs 
Open, -1 V<£Vcm^ + 1V 

-3V<:Vcm^ + 1V 

Output Grounded 

V CC =12V, RV CC =15K 
VpiF=0.5V 

VREF = 5Vpc 

Vp IF =0.5V 


(Note 2) 
Typ I 


4.50 


(Note 3) 

I Typ | 



Short Circuit Output Current Output Grounded 1.0 

Vcc Power Supply Rejection Vcc = 1 2V, RVcc = 1 5K 50 

Ratio VpiF = 0.5V 

Vref Power Supply Vref = 5 Vpc 60 

Rejection Ratio VpiF=0.5V 

Note 1: This test is performed with a 1000ft source impedance, 

Note 2: These parameters are guaranteed and 100% production tested. 

Note 3: These parameters will be guaranteed but not 100% production tested. 

Note 4: The LM9044 has been designed to common-mode to -3V, but production testing is only performed at ± IV. 

Note 5: Gain error is given as a percent of full-scale. Full-scale is defined as IV at the input and 4.5V at the output. 

Note 6: For operation in ambient temperatures above 25°C the device must be derated based on a maximum junction temperature of 150°C and t 
resistance of 93°C/W junction to ambient. 
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SHORT CIRCUIT OUTPUT CURRENT (mA) Vref SUPPLY CURRENT (mA) ( + )INPUT BIAS CURRENT (nA) 


Typical Performance Characteristics 


Non-Inverting Input Bias 
Current vs Temperature 



-50-25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Inverting Input Bias Current 
vs Temperature 



TEMPERATURE (°C) 


Vref Supply Current vs 



-50 - 25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Vcc Supply Current vs 
Temperature 
0.5 


I 

| 0.3 
>- 


3 0.2 

s 

0.1 

-50 - 25 0 25 50 75 100 125 150 
TEMPERATURE <°C) 




















_Vcc=-I2V 





n 

VCC — IW 



— JUJ 

-JJ — 

L ■ 







































Short Circuit Output 
Current vs Temperature 



-50 - 25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Differential Gain vs 



-50 - 25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


TL/H/6744-3 
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Typical Performance Characteristics 


Voltage Gain vs Frequency 


Pf=iooo pF|| 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Vref Power Supply 
Rejection 


VREF-5 VDC 
100 mVrms 


iiiii ■mu 
■IIIIIIHIIllil 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Test Circuit 


Vref 

(4.75V-5.50V) 


NON-INVERTING 7 1 


INVERTING 5 1 
INPUT | 
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Na tional 


Semiconductor 


LM2907/LM2917 Frequency to Voltage Converter 


General Description 

The LM2907, LM2917 series are monolithic frequency to 
voltage converters with a high gain op amp/comparator de- 
signed to operate a relay, lamp, or other load when the input 
frequency reaches or exceeds a selected rate. The tachom- 
eter uses a charge pump technique and offers frequency 
doubling for low ripple, full input protection in two versions 
(LM2907-8, LM2917-8) and its output swings to ground for a 
zero frequency input. 

Advantages 

■ Output swings to ground for zero frequency input 

■ Easy to use; Vqut = f|N x Vcc X R1 x Cl 

■ Only one RC network provides frequency doubling 

■ Zener regulator on chip allows accurate and stable fre- 
quency to voltage or current conversion (LM2917) 

Features 

■ Ground referenced tachometer input interfaces directly 
with variable reluctance magnetic pickups 

■ Op amp/comparator has floating transistor output 

■ 50 mA sink or source to operate relays, solenoids, me- 
ters, or LEDs 


■ Frequency doubling for low ripple 

■ Tachometer has built-in hysteresis with either differen- 
tial input or ground referenced input 

■ Built-in zener on LM2917 

■ ±0.3% linearity typical 

■ Ground referenced tachometer is fully protected from 
damage due to swings above V<x and below ground 

Applications 

■ Over/under speed sensing 

■ Frequency to voltage conversion (tachometer) 

■ Speedometers 

■ Breaker point dwell meters 

■ Hand-held tachometer 

■ Speed governors 

■ Cruise control 

■ Automotive door lock control 

■ Clutch control 

■ Horn control 

■ Touch or sound switches 


Block and Connection Diagrams Dual-I 



TL/H/7942-1 

Order Number LM2907M-8 or LM2907N-8 
See NS Package Number M08A or N08E 


i-Line and Small Outline Packages, Top Views 


b h 


IIPI 


il 

■I 

■ 


1 

■ 


i — i— — — - 

1 ■ 


TL/H/7942-2 

Order Number LM2917M-8 or LM2917N-8 
See NS Package Number M08A or N08E 




TL/H/7942-3 

Order Number LM2907N 
See NS Package Number N14A 



NC NC 

TL/H/7942-4 

Order Number LM2917M or LM2917N 
See NS Package Number M14A or N14A 



3-247 


LM2907/LM2917 









LM2907/LM2917 


Absolute Maximum Ratings (Note u 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Voltage ^ 28V 

Supply Current (Zener Options) 25 mA 

Collector Voltage 28 V 

Differential Input Voltage 

Tachometer 28V 

Op Amp/Comparator 28 V 

Input Voltage Range 

Tachometer LM2907-8, LM291 7-8 ± 28V 

LM2907, LM2917 O.OVto +28V 

Op Amp/Comparator 0.0V to + 28 V 


Power Dissipation 

LM2907-8, LM291 7-8 1 200 mW 

LM2907-1 4, LM291 7-1 4 1 580 mW 

(See Note 1) t > 

Operating Temperature Range ^ 40°C to + 85°C 

Storage T emperature Range - 65°C to + 1 50°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (10 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 215°C 

Infrared (15 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics v cq = 12 Vqq, Ta = 25°C, see test circuit 



Symbol 


TACHOMETER 


Input Thresholds 


Hysteresis 


Offset Voltage 
LM2907/LM2917 
LM2907-8/LM291 7-8 


Input Bias Current 


Pin 2 


Pin 2 


Output Current 


Leakage Current 


Gain Constant 


| Linearity 

OP/AMP COMPARATOR 


Vos 


■bias 













Conditions 




V| N = 250 mVp-p @ 1 kHz (Note 2) 


V, N = 250 mVp-p @ 1 kHz (Note 2) 


V|n = 250 mVp-p @ 1 kHz (Note 2) 


V|n = ±50 mVpc 


V|n = + 125 mVpc (Note 3) 


V| N = - 125 mV DC (Note 3) 


V2 = V3 = 6.0V (Note 4) 


12 = 0, V3 = 0 


(Note 3) 


f| N = 1 kHz, 5 kHz, 10 kHz (Note 5) 



240 

jaA 

0.1 

fxA 
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Electrical Characteristics V CC = 12 Vdc. T a = 25°C, see test circuit (Continued) 


Rdrop = 470n 


Symbol | Parameter | Conditions | Min | Typ | Max | Units 

ZENER REGULATOR 

Regulator Voltage Rdrop = 470ft 7 56 v 


Series Resistance 


Temperature Stability 


TOTAL SUPPLY CURRENT 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance 
of 101°C/W junction to ambient for LM2907-8 and LM2917-8, and 79°C/W junction to ambient for LM2907-14 and LM2917-14. 

Note 2: Hysteresis is the sum + Vjh - (-Vjh). offset voltage is their difference. See test circuit. 

Note 3: Voh is equal to 3 / 4 X Vcc ~ 1 Vqe, V(j L is equal to % X Vcc - 1 Vqe therefore Voh ~ Vol = Vq C /2. The difference, Voh - Vol. and the mirror gain, 
I2/I3, are the two factors that cause the tachometer gain constant to vary from 1.0. 

Note 4: Be sure when choosing the time constant R1 X Cl that R1 is such that the maximum anticipated output voltage at pin 3 can be reached with I 3 X R1 . The 
maximum value for R1 is limited by the output resistance of pin 3 which is greater than 10 Mft typically. 

Note 5: Nonlinearity is defined as the deviation of Vqut ( @ pin 3) for f|N = 5 kHz from a straight line defined by the Vqut @ 1 kHz and Vqut @ 10 kHz. 
Cl = 1000 pF, R1 = 68k and C2 0.22 mFd. 



10.5 

15 

Cl 

+ 1 


mV/°C 

3.8 

6 

mA 


General Description (Continued) 

The op amp/comparator is fully compatible with the ta- 
chometer and has a floating transistor as its output. This 
feature allows either a ground or supply referred load of up 
to 50 mA. The collector may be taken above Vcc U P to a 
maximum Vce of 28V. 

The two basic configurations offered include an 8-pin device 
with a ground referenced tachometer input and an internal 
connection between the tachometer output and the op amp 
non-inverting input. This version is well suited for single 
speed or frequency switching or fully buffered frequency to 
voltage conversion applications. 


The more versatile configurations provide differential ta- 
chometer input and uncommitted op amp inputs. With this 
version the tachometer input may be floated and the op 
amp becomes suitable for active filter conditioning of the 
tachometer output. 

Both of these configurations are available with an active 
shunt regulator connected across the power leads. The reg- 
ulator clamps the supply such that stable frequency to volt- 
age and frequency to current operations are possible with 
any supply voltage and a suitable resistor. 


Test Circuit and Waveform 


TACHOMETER 
INPUT 


TACHOMETER 

SECTION 


HUH 



Tachometer Input Threshold Measurement 


NEGATIVE 

INPUT 

THRESHOLD 



POSITIVE 

INPUT 

THRESHOLD 


V, N TACHOMETER 
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TACHOMETER INPUT HYSTERESIS (mV) OUTPUT LINEARITY ERROR (%) NORMALIZED TACHOMETER OUTPUT (K) SUPPLY CURRENT (n»A) 


Typical Performance Characteristics 


Total Supply Current 


aiiifiiiSii 


6 6 10 12 14 16 18 20 22 24 26 28 
SUPPLY VOLTAGE (V) 


Zener Voltage vs 
Temperature 
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Normalized Tachometer 
Output vs Temperature 
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Normalized Tachometer 
Output vs Temperature 


Tachometer Currents I2 
and I3 vs Supply Voltage 


Tachometer Currents l 2 
and I3 vs Temperature 
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Tachometer Linearity 
vs Temperature 
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Tachometer Linearity 
vs Temperature 


Vcc*12V . 
f = 1000 Hz 
R1 = 70k 
Cl = 0.01 mFd 


-35 -15 5 25 45 

TEMPERATURE CC) 


Tachometer Linearity vs R 1 


f = 1000 Hz 
R1C1 * 3.0 - 3.5 


kSSPI 


100k 200k 300k 400k 500k 

R1 (12> 


Tachometer Input Hysteresis 
vs Temperature 


Op Amp Output Transistor 
Characteristics 


Op Amp Output Transistor 
Characteristics 
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Applications Information 

The LM2907 series of tachometer circuits is designed for 
minimum external part count applications and maximum ver- 
satility. In order to fully exploit its features and advantages 
let’s examine its theory of operation. The first stage of oper- 
ation is a differential amplifier driving a positive feedback 
flip-flop circuit. The input threshold voltage is the amount of 
differential input voltage at which the output of this stage 
changes state. Two options (LM2907-8, LM2917-8) have 
one input internally grounded so that an input signal must 
swing above and below ground and exceed the input 
thresholds to produce an output. This is offered specifically 
for magnetic variable reluctance pickups which typically pro- 
vide a single-ended ac output. This single input is also fully 
protected against voltage swings to ± 28V, which are easily 
attained with these types of pickups. 

The differential input options (LM2907, LM2917) give the 
user the option of setting his own input switching level and 
still have the hysteresis around that level for excellent noise 
rejection in any application. Of course in order to allow the 
inputs to attain common-mode voltages above ground, input 
protection is removed and neither input should be taken 
outside the limits of the supply voltage being used. It is very 
important that an input not go below ground without some 
resistance in its lead to limit the current that will then flow in 
the epi-substrate diode. 

Following the input stage is the charge pump where the 
input frequency is converted to a dc voltage. To do this 
requires one timing capacitor, one output resistor, and an 
integrating or filter capacitor. When the input stage changes 
state (due to a suitable zero crossing or differential voltage 
on the input) the timing capacitor is either charged or dis- 
charged linearly between two voltages whose difference is 
Vcc/2. Then in one half cycle of the input frequency or a 
time equal to 1 /2 f|N the change in charge on the timing 
capacitor is equal to Vcc/2 x Cl . The average amount of 
current pumped into or out of the capacitor then is: 

Y = ks(AVQ> = Cl X X (2f, N ) = Vcc X f, N X Cl 

The output circuit mirrors this current very accurately into 
the load resistor R1, connected to ground, such that if the 
pulses of current are integrated with a filter capacitor, then 
V 0 = i c x Rl, and the total conversion equation becomes: 

Vo = V C c X f )N x Cl X Rl x K 
Where K is the gain constant— typically 1 .0. 

* 

Typical Applications 


The size of C2 is dependent only on the amount of ripple 
voltage allowable and the required response time. 

CHOOSING Rl AND Cl 

There are some limitations on the choice of Rl and Cl 
which should be considered for optimum performance. The 
timing capacitor also provides internal compensation for the 
charge pump and should be kept larger than 500 pF for very 
accurate operation. Smaller values can cause an error cur- 
rent on Rl, especially at low temperatures. Several consid- 
erations must be met when choosing Rl . The output current 
at pin 3 is internally fixed and therefore Vq/R 1 must be less 
than or equal to this value. If Rl is too large, it can become 
a significant fraction of the output impedance at pin 3 which 
degrades linearity. Also output ripple voltage must be con- 
sidered and the size of C2 is affected by Rl . An expression 
that describes the ripple content on pin 3 for a single R1C2 
combination is: 

v Vcc w C1 w ( . Vcc X f|N x Cl \ 

Vripple - — x x y 1 ^ ) pk " pk 

It appears Rl can be chosen independent of ripple, howev- 
er response time, or the time it takes Vout to stabilize at a 
new voltage increases as the size of C2 increases, so a 
compromise between ripple, response time, and linearity 
must be chosen carefully. ’ 

As a final consideration, the maximum attainable input fre- 
quency is determined by Vcc. Cl and I 2 : 

,MAX = c7T^ 

USING ZENER REGULATED OPTIONS (LM2917) 

For those applications where an output voltage or current 
must be obtained independent of supply voltage variations, 
the LM2917 is offered. The most important consideration in 
choosing a dropping resistor from the unregulated supply to 
the device is that the tachometer and op amp circuitry alone 
require about 3 mA at the voltage level provided by the 
zener. At low supply voltages there must be some current 
flowing in the resistor above the 3 mA circuit current to op- 
erate the regulator. As an example, if the raw supply varies 
from 9V to 1 6 V, a resistance of 470fi will minimize the ze- 
ner voltage variation to 160 mV. If the resistance goes un- 
der 400H or over 600H the zener variation quickly rises 
above 200 mV for the same input variation. 


Minimum Component Tachometer 


Vcc = 15V 



TL/H/7942-8 
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Typical Applications (Continued) 


Voltage Driven Meter Indicating Engine RPM 
V 0 = 6V @ 400 Hz or 6000 ERPM (8 Cylinder Engine) 



AUTOMOBILE IGNITION 


Current Driven Meter Indicating Engine RPM 
l 0 = 10 mA @ 300 Hz or 6000 ERPM (6 Cylinder Engine) 



Capacitance Meter 

Vout = 1 V-10V for C x = 0.01 to 0.1 mFd 
(R = 111k) 


la IZ h 11. 


P 2 3 4 


- 1 10k < v out 
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Typical Applications (Continued) 


Two- Wire Remote Speed Switch 



TL/H/7942-15 


100 Cycle Delay Switch 



for each complete input cycle (2 zero crossings) 
Example: 

If C2 = 200 Cl after 100 consecutive input cycles. 
V3 - 1/2 V CC 



TL/H/7942-16 


3-254 








3-255 










Typical Applications (Continued) < ’ 

Frequency to Voltage Converter with 2 Pole Butterworth Filter to Reduce Ripple 



TL/H/7942-21 



TL/H/7942-22 
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Anti-Skid Circuit Functions 


“Select-Low” Circuit 



TL/H/7942-33 


“Select-High” Circuit 



TL/H/7942-35 


“Select-Average” Circuit 



TL/H/7942-37 
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ACTIVE ZENER 

BIAS REGULATOR OP AMP COMPARATOR 



*This connection made on LM2907-8 and LM2917-8 only. 
"This connection made on LM2917 and LM2917-8 only. 


Equivalent Schematic Diagram 





& 


Section 4 

Special Functions 
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MOS/LSI DISPLAY DRIVERS 

National’s comprehensive family of display drivers provides 
direct interface to all of the common display technologies— 
light-emitting diode (LED), liquid crystal display (LCD), and 
vacuum fluorescent (VF). 

FUNCTION SIMILAR FAMILY 

Each driver utilizes a simple serial-data input channel, on- 
chip shift register, latches and buffer/driver outputs. The 
serial input channel allows direct interface to most micro- 
processors, including COPStm, NSC800™, 8080 series, 
and TMS1000 series. Besides a serial-data input, each driv- 
er requires a clock input. Some offer a latch (data) input 
and/or data output for easy cascade interconnect of addi- 
tional drivers. 

Once loaded, the shift register data can be transferred to 
the on-chip latches, which then output to the buffer/driver 
and respective display. This buffer/driver is where each pro- 
vides the unique driver interface desired by the particular 
display technology — LED, LCD, or VF. 

THE MM58241 SERIES— VF 

Each of the products in the MM58241 series provides high- 
voltage (several up to 60V) drive of VF displays. All are ideal 


for direct or multiplexed interface to large complex VF panel 
arrays or 5 X 7 (or larger) dot-matrix character strings. Each 
of the drivers are cascadable for further expansion. Applica- 
tion note AN-371 provides further details and other applica- 
tion information. 

THE MM5450 SERIES— LED 

National’s MM5450 series of LED display drivers rounds out 
this comprehensive product family. This popular series of- 
fers direct drive of LED displays by providing up to 25 mA of 
current drive per LED segment. 

CMOS/LSI 

Many of the products in the display driver family utilize 
CMOS technology. Detailed features/functions of the 12- 
member display driver family are high-lighted in the follow- 
ing product guide. 

In addition, National offers a line of bipolar segment and 
digit drivers with a broad range of output sink and source 
currents. 


OUTPUT OUTPUT 

32 1 




FIGURE 1. Typical Block Diagram 


TL/xx/0100-1 


Display Drivers 



Display Driver Selection Guide 


National Semiconductor 


LSI Display Driver 
Selection Guide 


32-segment, direct/ multiplexed drive to 60V, data enable, brightness control, 
cascadable, 40-pin DIP or 44-pin PCC package. 


32-segment, direct/multiplexed drive to 35V, data enable, brightness control, 
cascadable, 40-pin DIP or 44-pin PCC package. , 


20-digit, direct/multiplexed drive to 35V, data enable, brightness control, 
cascadable, 28-pin DIP or PCC package. 


32-segment, direct drive, serial-data input, data enable, on-chip backplane (B/P) 
oscillator, 40-pin DIP or 44-pin PCC package. 


33-segment, direct drive, serial-data input, B/P oscillator, 40-pin DIP or 44-pin 
PCC package. 


31 -segment, direct drive, serial-data input/output, latch (data) control, 40,-pin DIP 
or 44-pin PCC package. 


34-segment, direct drive up to 25 mA, brightness control, data enable, 40-pin DIP 
or 44-pin PCC package. 



35-segment, direct drive up to 25 mA, brightness control, 40-pin DIP or 44-pin 
PCC package. 



























National Semiconductor 


Bipolar Display Driver 
Selection Guide 


Product 

Number 

Drivers/ 

Package 

Iq/ D igit (mA) 

Vmax(V) 

Comments 

Sink 

(Common 

Anode) 

Source 

(Common 

Cathode) 

Input 

Supply 

DS75491 

4 


50 

10 

10 


DS75494 

6 

150 


10 

10 

Enable Control 

DS75492 

6 

250 


10 

10 


LM3909 

1 

45 

45 

2.1 

6.4 

LED Flasher/Oscillator 

LM3914 

10 

0 

30* 

35 

25 

Dot/ Bar Driver Linear Scale 

LM3915 

10 

0 

30* 

35 

25 

Dot/ Bar Driver Log Scale 

LM3916 

10 

0 

30* 

35 

25 

Dot/ Bar Driver VU Meter Scale 


*Per segment, use common external supply for anodes 
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Display Driver Selection Guide 



DS0026 


National Semiconductor 


DS0026 5 MHz Two Phase MOS Clock Driver 


General Description 

DS0026 is a low cost monolithic high speed two phase MOS 
clock driver and interface circuit. Unique circuit design pro- 
vides both very high speed operation and the ability to drive 
large capacitive loads. The device accepts standard TTL 
outputs and converts them to MOS logic levels. The device 
may be driven from standard 54/74 series and 54S/74S 
series gates and flip-flops or from drivers such as the 
DS8830 or DM7440. The DS0026 is intended for applica- 
tions in which the output pulse width is logically controlled; 
i.e., the output pulse width is equal to the input pulse width. 
The DS0026 is designed to fulfill a wide variety of MOS 
interface requirements. As a MOS clock driver for long sili- 
con-gate shift registers, a single device can drive over 1 0k 
bits at 5 MHz. Six devices provide input address and pre- 
charge drive for a 8k by 1 6-bit 1 1 03 RAM memory system. 
Information on the correct usage of the DS0026 in these as 
well as other systems is included in the application note 
AN-76. 


Features 

■ Fast rise and fall times— 20 ns 1000 pF load 

■ High output swing — 20V 

■ High output current drive— ±1.5 amps 

■ TTL compatible inputs 

■ High rep rate— 5 to 10 MHz depending on power dissi- 
pation 

■ Low power consumption in MOS “0” state — 2 mW 

■ Drives to 0.4V of GND for RAM address drive 


Connection Diagrams (Top Views) 


Dual-In-Line Package 


TO-8 Package 



Order Number DS0026CJ-8, 
DS0026CL or DS0026CN 
See NS Package Number 
J08A or N08E 




© ^ ©4-v 


AO'®© 


Order Number 
DS0026G or DS0O26CG 
See NS Package 
Number G12B 


Dual-In-Line Package 

V* NC OUT B MC INB NC NC 



Order Number 
DS0026J or DS0026C J 
See NS Package 
Number J14A 



Absolute Maximum Ratings (Note i> 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

v + - v- Differential Voltage 22V 

Input Current 1 00 mA 

Input Voltage (V|n - V~) 5.5V 

Peak Output Current 1 . 5 A 

Maximum Power Dissipation* at 25°C 
Cavity Package (8-Pin) 1 1 50 mW 

Cavity Package (1 4-Pin) 1 380 mW 

Molded Package 1 040 mW 

Electrical Characteristics (Notes 2 and 3) 


EIAJ SO Package 
Operating Temperature Range 
DS0026 
DS0026C 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


— 55°C to + 125°C 
0°Cto +70°C 
— 65°C to +150°C 
300°C 


* Derate 8-pin cavity package 7.7 mW/°C above 25°C; derate 14-pin cavity 
package 9.3 mW/°C above 25°C; derate molded package 8.4 mW/°C 
above 25°C; derate metal can (TO-5) package 4.4 mW/°C above 25°C; 
derate EIAJ SO package 5.5 mW/°C above 25°C. 


Symbol 


V| H 


Conditions 




| Logic “1 ” Input Current 


- = 2. 


Logic “0" Input Voltage 


Logic “0” Input Current 


Logic 1 Output Voltage Vin - V 


Logic “0” Output Voltage 


lcc(ON) “ON” Supply Current 
(one side on) 


'CC(OFF) OFF Supply Current 



0.4V, V S s^ V+ + 1.0V 
A 



V 

15 

mA 

0.4 

V 

-10 

jllA 

V - + 1.0 

V 


V 

40 

mA 


Switching Characteristics <t a = 25°o (Notes 5 and 6) 


Symbol 

*ON 



Parameter 

Turn-On Delay 


Turn-Off Delay 



(Figure 1) 


(Figure 2) 


(Figure 1) 


(Figure 2) 


(Figure 1), 
(Note 5) 

(Figure 2), 
(Note 5) 


tf 

Fall Time 

(Figure 1), 

C L = 500 pF 


12 

16 

ns 



(Note 5) 

C L = 1 000 pF 



25 

— 



(Figure 2), 

C L = 500 pF 



35 

SB 



(Note 5) 

C L = 1000 pF 


31 

40 

ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics provides conditions for actual device 
operation. 


Note 2: These specifications apply for V+ - V~ = 10V to 20 V, Cl = 1000 pF, over the temperature range of -55°C to + 125°C for the DS0026, and 0°C to 
+ 70°C for the DS0026C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: All typical values for Ta = 25°C. 

Note 5: Rise and fall time are given for MOS logic levels; i.e., rise time is transition from logic “0” to logic “1” which is voltage fall. 

Note 6: The high current transient (as high as 1 .5A) through the resistance of the internal interconnecting V~ lead during the output transition from the high state to 
the low state can appear as negative feedback to the input. If the external interconnecting lead from the driving circuit to V - is electrically long, or has significant dc 
resistance, it can subtract from the switching response. 



Minw« 


















































Typical Vqb Connection 



Typical Performance Characteristics 


Input Current vs Input Voltage 



1.0 -0.5 0 0.5 1.0 1.5 2.0 2.5 

INPUT VOLTAGE (V) 


Supply Current vs Temperature 


DUTY CYCLE 
1=1 MHz 

= 20H 

1 

— 

c L 

= 0 








V 4 - 

v = 

20V 



— 

























V- 

v = 

17V 



III! 


-75 -SO -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Turn-On and Turn-Off Delay 
vs Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Rise Time vs Load 
Capacitance 


Fall Time vs Load 
Capacitance 


TAC TEST CIRCUIT I 
I (FIGURE 2) 1 


f AC TEST CIRCUIT 
(FIGURE 2) 


AC TEST CIRCUIT 
(FIGURED 


_ AC TEST CIRCUIT. 
(FIGURE D 


0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 


0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 


Recommended Input Coding 
Capacitance 



0 100 200 300 400 500 600 700 800 
OUTPUT PULSE WIOTH (ns) 


DC Power (Pdc) vs 
Duty Cycle 


0 10 20 30 40 50 60 70 

OUTY CYCLE (%) 
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TL/F/5853-9 









DS0026 


Typical Applications 

AC Coupled MOS Clock Driver 


+5V 



TL/F/5853-16 

DC Coupled RAM Memory Address or Precharge 
Driver (Positive Supply Only) 


♦17 V 



TO ADDRESS 
LINES ON 
MEMORY SYSTEM 


TL/F/5853-17 


Application Hints 

DRIVING THE MM5262 WITH THE 
DS0026 CLOCK DRIVER 

The clock signals for the MM5262 have three requirements 
which have the potential of generating problems for the 
user. These requirements, high speed, large voltage swing 
and large capacitive loads, combine to provide ample op- 
portunity for inductive ringing on clock lines, coupling clock 
signals to other clocks and/or inputs and outputs and gen- 
erating noise on the power supplies. All of these problems 
have the potential of causing the memory system to mal- 
function. Recognizing the source and potential of these 
problems early in the design of a memory system is the 
most critical step. The object here is to point out the source 
of these problems and give a quantitative feel for their mag- 
nitude. 

Line ringing comes from the fact that at a high enough fre- 
quency any line must be considered as a transmission line 
with distributed inductance and capacitance. To see how 
much ringing can be tolerated we must examine the clock 
voltage specification. Figure 3 shows the clock specifica- 
tion, in diagram form, with idealized ringing sketched in. The 


ringing of the clock about the Vss level is particularly critical. 
If the Vss — 1 Voh is not maintained, at all times, the infor- 
mation stored in the memory could be altered. Referring to 
Figure 1, if the threshold voltage of a transistor were - 1 .3V, 
the clock going to Vss ~ 1 would mean that all the devices, 
whose gates are tied to that clock, would be only 300 mV 
from turning on. The internal circuitry needs this noise mar- 
gin and from the functional description of the RAM it is easy 
to see that turning a clock on at the wrong time can have 
disastrous results. 



FIGURE 3. Clock Waveform 

Controlling the clock ringing is particularly difficult because 
of the relative magnitude of the allowable ringing, compared 
to magnitude of the transition. In this case it is IV out of 20V 
or only 5%. Ringing can be controlled by damping the clock 
driver and minimizing the line inductance. 

Damping the clock driver by placing a resistance in series 
with its output is effective, but there is a limit since it also 
slows down the rise and fall time of the clock signal. Be- 
cause the typical clock driver can be much faster than the 
worst case driver, the damping resistor serves the useful 
function of limiting the minimum rise and fall time. This is 
very important because the faster the rise and fall times, the 
worse the ringing problem becomes. The size of the damp- 
ing resistor varies because it is dependent on the details of 
the actual application. It must be determined empirically. In 
practice a resistance of 10ft to 20H is usually optimum. 
Limiting the inductance of the clock lines can be accom- 
plished by minimizing their length and by laying out the lines 
such that the return current is closely coupled to the clock 
lines. When minimizing the length of clock lines it is impor- 
tant to minimize the distance from the clock driver output to 
the furthest point being driven. Because of this, memory 
boards are usually designed with clock drivers in the center 
of the memory array, rather than on one side, reducing the 
maximum distance by a factor of 2. 

Using multilayer printed circuit boards with clock lines sand- 
wiched between the Vqd and Vss power plains minimizes 
the inductance of the clock lines. It also serves the function 
of preventing the clocks from coupling noise into input and 
output lines. Unfortunately multilayer printed circuit boards 
are more expensive than two sided boards. The user must 
make the decision as to the necessity of multilayer boards. 
Suffice it to say here, that reliable memory boards can be 
designed using two sided printed circuit boards. 
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Application Hints (Continued) 



+8.5V 



- 10 ' 9F ‘ 20V = 1A 

20 x IQ' 9 sec TL/F/5853-19 

FIGURE 4. Clock Waveforms (Voltage and Current) 

Because of the amount of current that the clock driver must 
supply to its capacitive load, the distribution of power to the 
clock driver must be considered. Figure 4 gives the ideal- 
ized voltage and current waveforms for a clock driver driving 
a 1 000 pF capacitor with 20 ns rise and fall time. 

As can be seen the current is significant. This current flows 
in the Vqd and Vss power lines. Any significant inductance 
in the lines will produce large voltage transients on the pow- 
er supplies. A bypass capacitor, as close as possible to the 
clock driver, is helpful in minimizing this problem. This by- 
pass is most effective when connected between the V§s 
and Vqd supplies. The size of the bypass capacitor de- 
pends on the amount of capacitance being driven. Using a 
low inductance capacitor, such as a ceramic or silver mica, 
is most effective. Another helpful technique is to run the 
Vqd and Vss lines, to the clock driver, adjacent to each 
other. This tends to reduce the lines inductance and there- 
fore the magnitude of the voltage transients. 

While discussing the clock driver, it should be pointed out 
that the DS0026 is a relatively low input impedance device. 
It is possible to couple current noise into the input without 
seeing a significant voltage. Since the noise is difficult to 
detect with an oscilloscope it is often overlooked. 


Lastly, the clock lines must be considered as noise genera- 
tors. Figure 5 shows a clock coupled through a parasitic 
coupling capacitor, Cq, to eight data input lines being driven 
by a 7404. A parasitic lumped line inductance, L, is also 
shown. Let us assume, for the sake of argument, that Cc is 
1 pF and that the rise time of the clock is high enough to 
completely isolate the clock transient from the 7404 be- 
cause of the inductance, L. 


0 



TL/F/5853-20 

FIGURE 5. Clock Coupling 

With a clock transition of 20 V the magnitude of the voltage 
generated across Cl is: 

V = 20V X - = 20V X ( — — j = 0.35V 

C L + C c \ 56 + 1 / 

This has been a hypothetical example to emphasize that 
with 20V low rise/fall time transitions, parasitic elements 
can not be neglected. In this example, 1 pF of parasitic 
capacitance could cause system malfunction, because a 
7404 without a pull up resistor has typically only 0.3V of 
noise margin in the “1” state at 25°C. Of course it is stretch- 
ing things to assume that the inductance, L, completely iso- 
lates the clock transient from the 7404. However, it does 
point out the need to minimize inductance in input/output as 
well as clock lines. 

The output is current, so it is more meaningful to examine 
the current that is coupled through a 1 pF parasitic capaci- 
tance. The current would be: 


AV _ 1 X 10-12 X 20 
C X At 20 X 10-9 


1 mA 


This exceeds the total output current swing so it is obviously 
significant. 

Clock coupling to inputs and outputs can be minimized by 
using multilayer printed circuit boards, as mentioned previ- 
ously, physically isolating clock lines and/or running clock 
lines at right angles to input/ output lines. All of these tech- 
niques tend to minimize parasitic coupling capacitance from 
the clocks to the signals in question. 

In considering clock coupling it is also important to have a 
detailed knowledge of the functional characteristics of the 
device being used. As an example, for the MM5262, cou- 
pling noise from the <f>2 clock to the address lines is of no 
particular consequence. On the other hand the address in- 
puts will be sensitive to noise coupled from <f> 1 clock. 



4-11 


DS0026 




DS0026 


Packaging Information 



8-Lead Surface Mount Package 
Order Number DS0026CL 


TL/F/5853-21 
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DS75491 MOS-to-LED Quad Segment Driver 
DS75492 MOS-to-LED Hex Digit Driver 


General Description 

The DS75491 and DS75492 are interface circuits designed 
to be used in conjunction with MOS integrated circuits and 
common-cathode LEDs in serially addressed multi-digit dis- 
plays. The number of drivers required for this time-multi- 
plexed system is minimized as a result of the segment-ad- 
dress-and-digit-scan method of LED drive. 


Features 

■ 50 mA source or sink capability per driver (DS75491) 

■ 250 mA sink capability per driver (DS75492) 

■ MOS compatability (low input current) 

■ Low standby power 

■ High-gain Darlington circuits 


Schematic and Connection Diagrams 

DS75491 (each driver) DS75492 (each driver) 




DS75491 Dual-In-Line Package 


DS75492 Dual-In-Line Package 




TL/F/5830-3 


TL/F/5830-4 


Top View 


Top View 


Order Number DS75491N, DS75492M or DS75492N 
See NS Package Number M14A or N14A 
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DS75491/DS75492 



DS7549 1 /DS75492 


Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, DS75491 DS75492 

please contact the National Semiconductor Sales Continuous Total Dissipation 600 mW 600 mW 

Office/Distributors for availability and specifications. Operating Temperature Range 0°C to + 70°C 

DS7549 1 DS75492 Storage T emperature Range - 65°C to + 1 50°C 

Input Voltage Range (Note 4> -5VtoV ss Lead Temp. (Soldering, 10 sec) 300‘C 300“C 

Collector Output Voltage (Note 5) 10V 10V Maximum Power Dissipation 

Collector Output to Input Voltage 10V 10V at25°C 

Emitter to Ground Voltage (V| ^ 5V) 10V Molded Package 1207 mW* 1280mWt 

Emitter to Input Voltage 5V "Derate molded package 9.66 mW/°C above 25°C. 

Voltage at V ss Terminal with Respect tDerate molded packa 9 e 10 24 mW/ ° c above 25 ° a 

to any Other Device T erminal 10V 10V 

Collector Output Current 

Each Collector Output 50 mA 250 mA 

All Collector Outputs 200 mA 600 mA 

Electrical Characteristics v ss = iov (Notes 2 and 3 ) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DS75491 

V CE ON 

“ON” State Collector Emitter Voltage 

Input = 8.5V through 1 kft, 
V E = 5V, l c = 50 mA 

T a = 25°C 


0.9 

1.2 

V 

T a = 0-70°C 



1.5 

V 

•COFF 

“OFF” State Collector Current 

< < 
m 0 

II II 

n 

•iN == 40 juA 



100 

JLtA 

V| N = 0.7V 



100 

fxA 

l| 

Input Current at Maximum Input Voltage 

V| N = 10V, V E = 0V, l c = 20 mA 


2.2 

3.3 

mA 

«E 

Emitter Reverse Current 

V| N = 0V, V E = 5V, l c = 0 mA 



100 

jaA 

•ss 

Current Into Vss Terminal 




1 

mA 

DS75492 

VoL 

Low Level Output Voltage 

Input = 6.5V through 1 kft, 
•out = 250 mA 

T a = 25°C 


0.9 

1.2 

V 

T a = 0-70°C 



1.5 

V 

*OH 

High Level Output Current 

Vqh = 10V 

•iN = 40 jaA 



200 

/xA 

V| N = 0.5V 



200 

jiA 

•l 

Input Current at Maximum Input Voltage 

V| N = 10V, l 0L = 20 mA 


2.2 

3.3 

mA 

•ss 

Current Into Vss Terminal 




1 

mA 

Switching Characteristics v ss = 7.sv, t a = 25 c 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DS75491 

tpLH 

Propagation Delay Time, Low-to-High Level Output (Collector) 

V| H = 4.5V, V E = 0V, 

R L = 200ft, C L = 15 pF 


100 


ns 

tPHL 

Propagation Delay Time, High-to-Low Level Output (Collector) 


20 


ns 

DS75492 

tpLH 

Propagation Delay Time, Low-to-High Level Output 

V| H = 7.5V, R L = 39 H, 
C L = 15 pF 


300 


ns 

tPHL 

Propagation Delay Time, High-to-Low Level Output 


30 


ns 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to + 70°C temperature range for the DS75491 and DS75492. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 

Note 4: The input is the only device terminal which may be negative with respect to ground. 

Note 5: Voltage values are with respect to network ground terminal unless otherwise noted. 
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AC Test Circuits and Switching Time Waveforms 

DS75491 


DS75492 


7.SV 7.5V 





Note 1: The pulse generator has the following characteristics: Zout = 50fl, PRR = 100 kHz, tw = 1 jus. 
Note 2: Ci includes probe and jig capacitance. 
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DS75494 



National Semiconductor 


DS75494 Hex Digit Driver 


General Description 

The DS75494 is a hex digit driver designed to interface be- 
tween most MOS devices and common cathodes config- 
ured LED’s with a low output voltage at high operating cur- 
rents. The enable input disables all the outputs when taken 
high. 


Features 

■ 1 50 mA sink capability 

■ Low voltage operation 

■ Low input current for MOS compatibility 

■ Low standby power 

■ Display blanking capability 

■ Low voltage saturating outputs 

■ Hex high gain circuits 


Schematic and Connection Diagrams 


V cc ( 16 ) 



Dual-ln-Line Package 

Vcc IN 6 OUT 6 OUT 5 IN 5 OUT 4 IN 4 CE 



Order Number DS75494N 
See NS Package Number N16A 


Truth Table 


Enable 

Vm 

V 0 UT 

0 

0 

1 

0 

1 

0 

1 

X 

1 


X = don’t care 
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Absolute Maximum Ratings (Note i) 

if Military/ Aerospace specified devices are required, 

please contact the National Semiconductor Sales 

Office/Distributors for availability and specifications. 

Supply Voltage 1 0V 

Input Voltage 10V 

Output Voltage 1 0V 

Storage T emperature Range - 65°C to + 1 50°C 

Maximum Power Dissipation* at 25°C 
Cavity Package 1433 mW 

Molded Package 1362 mW 

Lead Temperature (Soldering 4 seconds) 260°C 

’Derate molded package 10.9 mW/°C above 25°C. 

Electrical Characteristics (Notes 2 and 3) 

Symbol Parameter 

I|H Logical “1” Input Current Vcc = Min, Vin = 8.8V 


Operating Conditions 

Min 

Supply Voltage, Vcc 3.2 

Temperature, Ta 
DS75494 0 


Conditions 

Vce = 8.8V through 100k 
V CE = 8.8V 


Logical “0” Input Current Vcc = Max, V|n = —5.5V 

Logical “1” Output Current Vcc = Max, Vqh = 8.8V Vin = 8.8V through 100k, Vce = 0V 
V IN = 8.8V, V C E = 6.5V through 1 ,0k 

Logical “0” Output Voltage Vcc = Min, Iol =150 mA, Vin = 6.5V through 1.0k, 
V C e = 8.8V through 100k 

Supply Currents One Driver “ON”, Vin = 8.8V DS75474 

All Other Pins to GND Vce ~ 6.5V through 1 .0k 

Vcc = Max 

Vin = 8.8 V through 100k 


All Other Pins to GND 


Max 

Units 

2.0 

mA 

2.7 

mA 

-20 

jliA 

400 

jxA 

400 

jliA 

0.35 

V 

8.0 

mA 

100 

jaA 

100 

jxA 

40 

fxA 


All Other Pins to GND 40 juA 


Output “OFF” Time C|_ = 20 pF, R|_ = 24 ft, Vcc = 4.0V, See AC Test Circuits 


Ofsi I Output “ON” Time | Cl = 20 pF, R|_ = 24(1, Vcc = 4.0V, See AC Test Circuits | | 13 | 100 | ns 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75494. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 
as max or min on absolute value basis. 


AC Test Circuit and Switching Time Waveforms 



T 20 pF 
± 10 % 


VouT 2.2V, 50% 
0.6V / 


fc10% 10% j 

»- - 0.2 ms * 


T f = 10 ns 
T r = 10 ns 
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LM3909 



National Semiconductor 


LM3909 LED Flasher/Oscillator 


General Description 

The LM3909 is a monolithic oscillator specifically designed 
to flash Light Emitting Diodes. By using the timing capacitor 
for voltage boost, it delivers pulses of 2 or more volts to the 
LED while operating on a supply of 1 .5V or less. The circuit 
is inherently self-starting, and requires addition of only a bat- 
tery and capacitor to function as an LED flasher. 

Packaged in an 8-lead plastic mini-DIP, the LM3909 will op- 
erate over the extended consumer temperature range of 
-25°C to + 70°C. It has been optimized for low power drain 
and operation from weak batteries so that continuous oper- 
ation life exceeds that expected from battery rating. 
Application is made simple by inclusion of internal timing 
resistors and an internal LED current limit resistor. As 
shown in the first two application circuits, the timing resis- 
tors supplied are optimized for nominal flashing rates and 
minimum power drain at 1 .5V and 3V. 

Timing capacitors will generally be of the electrolytic type, 
and a small 3V rated part will be suitable for any LED flasher 
using a supply up to 6V. However, when picking flash rates, 
it should be remembered that some electrolytics have very 
broad capacitance tolerances, for example -20% to 
+ 100 %. 


Features 

■ Operation over one year from one C size flashlight cell 

■ Bright, high current LED pulse 

■ Minimum external parts 

■ Low cost 

■ Low voltage operation, from just over IV to 5V 

■ Low current drain, averages under 0.5 mA during 
battery life 

■ Powerful; as an oscillator directly drives an 8 fl speaker 

■ Wide temperature range 

Applications 

■ Finding flashlights in the dark, or locating boat mooring 
floats 

■ Sales and advertising gimmicks 

■ Emergency locators, for instance on fire extinguishers 

■ Toys and novelties 

■ Electronic applications such as trigger and sawtooth 
generators 

■ Siren for toy fire engine, (combined oscillator, speaker 
driver) 

■ Warning indicators powered by 1 .4V to 200V 


Schematic Diagram 


Connection Diagram 


Typical 1.5V Flasher 


Dual-ln-Line Package 



SLOW 

RC 



RC 

TL/H/7969-2 

Top View 

Order Number LM3909N 
See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military /Aerospace specified devices are required, Operating Temperature Range -25°Cto+70°C 

please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 sec.) 260°C 

Office/Distributors for availability and specifications. 


Power Dissipation 500 mW 

V+ Voltage 6.4V 

Electrical Characteristics 


Parameter 

Conditions 
(Applications Note 3) 

Min 

Typ 

Max 

Units 

Supply Voltage 

(In Oscillation) 

1.15 


6.0 

V 

Operating Current 



0.55 

0.75 

mA 

Flash Frequency 

300 jllF, 5% Capacitor 

0.65 

1.0 

1.3 

Hz 

High Flash Frequency 

0.30 juF, 5% Capacitor 


1.1 


kHz 

Compatible LED Forward Drop 

1 mA Forward Current 

1.35 


2.1 

V 

Peak LED Current 

350 jwF Capacitor 


45 


mA 

Pulse Width 

350 fx F Capacitors at y 2 Amplitude 


6.0 


ms 


Typical Applications (See applications notes on following page) 

Triac Trigger 
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Typical Applications (Continued)(See applications notes below) 

Warning Flasher High Voltage Powered Typical Operating Conditions 


v+ 

Nominal 

Flash Hz 

Ct 

Rs 

Rfb 

v + range 

6V 

2 

400 juiF 

Ik 

1.5k 

5V-25V 

15V 

2 

1 80 jwF 

3.9k 

Ik 

13V-50V 

100 V 

1.7 

180 jixF 

43k 

1W 

Ik 

85V-200V 



TL/H/7969-4 


1.5 V Flasher 



3V 

TL/H/7969-5 

Note: Nominal flash rate: 1 Hz. 



1.0 1.1 1.2 1.3 1.4 1.5 1.6 

BATTERY VOLTAGE (V) 

TL/H/7969-6 

Estimated Battery Life 


(Continuous 1.5V Flasher Operation) 


Size Cell 

Type 

Standard 

Alkaline 

AA 

3 months 

6 months 

C 

7 months 

1 5 months 

D 

1 .3 years 

2.6 years 


Note: Estimates are made from our tests and manufacturers 
data. Conditions are fresh batteries and room temperature. Clad 
or “leak-proof” batteries are recommended for any application 
of five months or more. Nickel Cadmium cells are not recom- 
mended. 


APPLICATIONS NOTES 

Note 1: All capacitors shown are electrolytic unless marked otherwise. 

Note 2: Flash rates and frequencies assume a ±5% capacitor tolerance. Electrolytics may vary -20% to +100% of their stated value. 

Note 3: Unless noted, measurements above are made with a 1 .4V supply, a 25°C ambient temperature, and an LED with a forward drop of 1 .5V to 1 .7V at 1 mA 
forward current. 

Note 4: Occasionally a flasher circuit will fail to oscillate due to an LED defect that may be missed because it only reduces light output 1 0% or so. Such LEDs can 
be identified by a large increase in conduction between 0.9V and 1 .2 V. 
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Typical Applications (Continued) (See applications notes on previous page) 


NSL5027 I 



3V Flasher 




Minimum Power at 1.5V 





NSL5082 
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1. 3 V 


LM3909 
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2 

FT 




V 

\\ 

2 p [4_ 

7F 






) 1 + 



300/Li F 






100/iF 




“ T1.5V 


3V 


TL/H/7969-8 


TL/H/7969-7 Note: Nominal flash rate: 1.1 Hz. Average l DRA | N =0.32 mA. 


Note: Nominal flash rate: 1 Hz. Average Idrain = 0 -77 mA. 

Fast Blinker 



TL/H/7969-9 

Note: Nominal flash rate: 2.6 Hz. Average Idrain = 1-2 mA. 





LM3909 


Typical Applications (Continued) (See applications notes above) 

Flashlight Finder 


200/jF 
3 V 



SHORT 1-8 FOR 
SINGLE CELL LIGHTS 


TL/H/7969-10 


Note: LM3909, capacitor, and LED are installed in a white translucent cap on the flashlight’s back end. Only one 
contact strip (in addition to the case connection) is needed for flasher power. Drawing current through the bulb 
simplifies wiring and causes negligible loss since bulb resistance cold is typically less than 2 SI. 


4 Parallel LEDs 


High Efficiency Parallel Circuit 
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Typical Applications (Continued) (See applications notes above) 

1 kHz Square Wave 



1.2 

1.0 

0.8 

0.6 

0.4 

0.2 



0 1 mt 2 ms 

TL/H/7969-15 

Note: Output voltage through a 10k load to ground. 


Variable Flasher 


\ / 12-160 

1 I SPEAKER 


I 

I 




TL/H/7969-16 

Note: Differences between shorts, coils, and a few ohms of resistance can be 
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National Semiconductor 


LM3914 Dot/Bar Display Driver 

General Description 

The LM3914 is a monolithic integrated circuit that senses 
analog voltage levels and drives 10 LEDs, providing a linear 
analog display. A single pin changes the display from a 
moving dot to a bar graph. Current drive to the LEDs is 
regulated and programmable, eliminating the need for resis- 
tors. This feature is one that allows operation of the whole 
system from less than 3V. 

The circuit contains its own adjustable reference and accu- 
rate 1 0-step voltage divider. The low-bias-current input buff- 
er accepts signals down to ground, or V~, yet needs no 
protection against inputs of 35V above or below ground. 

The buffer drives 10 individual comparators referenced to 
the precision divider. Indication non-linearity can thus be 
held typically to y 2 %, even over a wide temperature range. 
Versatility was designed into the LM3914 so that controller, 
visual alarm, and expanded scale functions are easily added 
on to the display system. The circuit can drive LEDs of many 
colors, or low-current incandescent lamps. Many LM3914s 
can be “chained” to form displays of 20 to over 100 seg- 
ments. Both ends of the voltage divider are externally avail- 
able so that 2 drivers can be made into a zero-center meter. 

The LM3914 is very easy to apply as an analog meter cir- 
cuit. A 1 .2V full-scale meter requires only 1 resistor and a 
single 3V to 15V supply in addition to the 10 display LEDs. If 
the 1 resistor is a pot, it becomes the LED brightness con- 
trol. The simplified block diagram illustrates this extremely 
simple external circuitry. 

When in the dot mode, there is a small amount of overlap or 
“fade” (about 1 mV) between segments. This assures that 
at no time will all LEDs be “OFF”, and thus any ambiguous 
display is avoided. Various novel displays are possible. 


Typical Applications 

0V to 5V Bar Graph Meter 



TL/H/7970-1 


Much of the display flexibility derives from the fact that all 
outputs are individual, DC regulated currents. Various ef- 
fects can be achieved by modulating these currents. The 
individual outputs can drive a transistor as well as a LED at 
the same time, so controller functions including “staging” 
control can be performed. The LM3914 can also act as a 
programmer, or sequencer. 

The LM3914 is rated for operation from 0°C to +70°C. The 
LM3914N is available in an 18-lead molded (N) package. 
The following typical application illustrates adjusting of the 
reference to a desired value, and proper grounding for accu- 
rate operation, and avoiding oscillations. 

Features 

■ Drives LEDs, LCDs or vacuum fluorescents 

■ Bar or dot display mode externally selectable by user 

■ Expandable to displays of 1 00 steps 

■ Internal voltage reference from 1.2V to 12V 

■ Operates with single supply of less than 3V 

■ Inputs operate down to ground 

■ Output current programmable from 2 mA to 30 mA 

■ No multiplex switching or interaction between outputs 

■ Input withstands ±35V without damage or false outputs 

■ LED driver outputs are current regulated, open-collec- 
tors 

■ Outputs can interface with TTL or CMOS logic 

■ The internal 1 0-step divider is floating and can be refer- 
enced to a wide range of voltages 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature Range - 55°C to 4- 1 50°C 

please contact the National Semiconductor Sales Soldering Information 

Office/Distributors for availability and specifications. Dual-ln-Line Package 

Power Dissipation (Note 5) Soldering (10 seconds) 260°C 

Molded DIP (N) 1365mW Plastic Chip Carrier Package 

Supply Voltage 25V Vapor Phase (60 seconds) 215°C 

Voltage on Output Drivers 25V Infrared (15 seconds) 220°C 

Input Signal Overvoltage (Note 3) ±35V See AN-450 “Surface Mounting Methods and Their Effect 

Divider Voltaae -100 mV to V+ on Product Reliabilit y" for other methods of soldering sur- 

y face mount devices. 

Reference Load Current 1 0 mA 

Electrical Characteristics (Notes i and 3) 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

COMPARATOR 

Offset Voltage, Buffer and First 
Comparator 

ov <; Vr L o = v RH i <; 12V, 

•led = "1 m A 


3 

10 

mV 

Offset Voltage, Buffer and Any Other 
Comparator 

0V £ V RL0 = Vrhi £ 12V, 
l|_ED = 1 m A 


3 

15 

mV 

Gain (AI|_ed/AV|n) 

•l(REF) = 2 mA, l LED = 10 mA 

3 

8 


mA/mV 

Input Bias Current (at Pin 5) 

0V<: V| N <; V+ - 1.5V 


25 


nA 

Input Signal Overvoltage 

No Change in Display 

-35 


35 

V 

VOLTAGE-DIVIDER 

Divider Resistance 

Total, Pin 6 to 4 

8 

12 

17 

m 

Accuracy 

(Note 2) 


0.5 

2 

% 

VOLTAGE REFERENCE 

Output Voltage 

0.1 mA ^ Il(ref) ^ 4 mA, 

V+ = V LED = 5V 

1.2 

1.28 

1.34 

V 

Line Regulation 

3V<; V+ <; 18V 


0.01 

0.03 

%/v 

Load Regulation 

0.1 mA ^ Il(REF) ^ 4 mA, 

V+ = V LED = 5V 


0.4 

2 

% 

Output Voltage Change with 
Temperature 

0°C ^ Ta ^ +70°C, Il(reF) == 1 mA, 

V+ = 5V 


B 


% 

Adjust Pin Current 



75 

120 

jaA 

OUTPUT DRIVERS 

LED Current 

V+ = V LED = 5V, l L 

(REF) = 1 mA , 

7 

10 

13 

mA 

LED Current Difference (Between 
Largest and Smallest LED Currents) 

Vled = 5V 

•led - 2 mA 


0.12 

0.4 

mA 

•led = 20 mA 


1.2 

3 

LED Current Regulation 

2V ^ v LED ^ 17V 

Iled = 2 mA 


0.1 

0.25 

mA 

Iled = 20 mA 


1 

3 

Dropout Voltage 

•led(on) = 20 mA, Vled = 5V, 

AIled = 2 mA 



1.5 

m 

Saturation Voltage 

lLED = 2.0 mA, Il(ref) = °- 4 m A 



0.4 


Output Leakage, Each Collector 

(Bar Mode) (Note 4) 


0.1 

10 

jliA 
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Electrical Characteristics (Note d (continued) 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

OUTPUT DRIVERS (Continued) 

Output Leakage 

(Dot Mode) (Note 4) 

Pins 10-18 


0.1 

10 

fxA 

Pin 1 

60 

150 

450 

ju,A 

SUPPLY CURRENT 

Standby Supply Current 
(All Outputs Off) 

V+ = 5V, Il(ref) = 0-2 mA 


2.4 

4.2 

mA 

V+ = 20V, l L(REF) = 1.0 mA 


6.1 

9.2 

mA 


Note 1: Unless otherwise stated, all specifications apply with the following conditions: 

3 V DC £ V+ ^ 20 V DC V REF , Vrhi, V RL0 £ (V+ - 1.5V) 

3 V DC <: V LED £ V+ 0V V| N <: V+ - 1.5V 

-0.015V £ Vrlq ^ 12 V DC T a = +25°C, Il(r EE ) = 0.2 mA, V L ed * 3.0V, pin 9 connected to pin 3 (Bar Mode). 

-0.015V ^ Vrhi <: 12 Vdc 
For higher power dissipations, pulse testing is used. 

Note 2: Accuracy is measured referred to +10.000 Vqc at pin 6, with 0.000 Vqc at pin 4. At lower full-scale voltages, buffer and comparator offset voltage may add 
significant error. 

Note 3: Pin 5 input current must be limited to ±3 mA. The addition of a 39k resistor in series with pin 5 allows ±100V signals without damage. 

Note 4: Bar mode results when pin 9 is within 20 mV of V + . Dot mode results when pin 9 is pulled at least 200 mV below V + or left open circuit. LED No. 1 0 (pin 1 0 
output current) is disabled if pin 9 is pulled 0.9V or more below Vled- 

Note 5: The maximum junction temperature of the LM3914 is 100°C. Devices must be derated for operation at elevated temperatures. Junction to ambient thermal 
resistance is 55°C/W for the molded DIP (N package). 

Definition of Terms 

Accuracy: The difference between the observed threshold 
voltage and the ideal threshold voltage for each compara- 
tor. Specified and tested with 1 0V across the internal volt- 
age divider so that resistor ratio matching error predomi- 
nates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear re- 
gion. 

Comparator Gain: The ratio of the change in output current 
(•led) to the change in input voltage (V|n) required to pro- 
duce it for a comparator in the linear region. 

Dropout Voltage: the voltage measured at the current 
source outputs required to make the output current fall by 
10 %. 

Input Bias Current: Current flowing out of the signal input 
when the input buffer is in the linear region. 



LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (Vled) as 
measured at the current source outputs. As the forward volt- 
age of an LED does not change significantly with a small 
change in forward current, this is equivalent to changing the 
voltage at the LED anodes by the same amount. 

Line Regulation: The average change in reference output 
voltage over the specified range of supply voltage (V+). 
Load Regulation: The change in reference output voltage 
(Vref) over the specified range of load current (Il(ref))- 
Offset Voltage: The differential input voltage which must 
be applied to each comparator to bias the output in the 
linear region. Most significant error when the voltage across 
the internal voltage divider is small. Specified and tested 
with pin 6 voltage (Vrhi) equal to pin 4 voltage (Vrlo)* 
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Typical Performance Characteristics 


Supply Current vs 
Temperature 



0 25 50 75 

TEMPERATURE CC) 


Operating Input Bias 
Current vs Temperature 



0 25 50 75 

TEMPERATURE (*C) 


Reference Adjust Pin 
Current vs Temperature 



-25 0 25 50 75 100 

TEMPERATURE CC) 


is 



LED Current-Regulation 



0 5 10 15 20 25 


LED CURRENT (mA) 



Input Current Beyond 



-40 -30 -20 -10 0 10 20 30 40 


LED Current vs 
Reference Loading 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

REFERENCE LOAD CURRENT (mA) 


Total Divider Resistance 



-25 0 25 50 75 100 


TEMPERATURE CC) 


Common-Mode Limits 
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Reference Voltage vs 
Temperature 



0 25 50 75 

TEMPERATURE CC) 


LED Driver Saturation 
Voltage 



0 5 10 15 20 25 

LED CURRENT (mA) 


LED Driver Current 
Regulation 



LED SUPPLY VOLTAGE (V) 


Output Characteristics 



0J2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE(V) 


TL/H/7970-2 
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Block Diagram (Showing Simplest Application) 



TL/H/7970-3 
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Functional Description 

The simplifed LM3914 block diagram is to give the general 
idea of the circuit’s operation. A high input impedance buffer 
operates with signals frorr\ ground to 1 2V, and is protected 
against reverse and overvoltage signals. The signal is then 
applied to a series of 10 comparators; each of which is bi- 
ased to a different comparison level by the resistor string. 
In the example illustrated, the resistor string is connected to 
the internal 1.25V reference voltage. In this case, for each 
125 mV that the input signal increases, a comparator will 
switch on another indicating LED. This resistor divider can 
be connected between any 2 voltages, providing that they 
are 1.5V below V+ and no less than V~. If an expanded 
scale meter display is desired, the total divider voltage can 
be as little as 200 mV. Expanded-scale meter displays are 
more accurate and the segments light uniformly only if bar 
mode is used. At 50 mV or more per step, dot mode is 
usable. 


INTERNAL VOLTAGE REFERENCE 


The reference is designed to be adjustable and develops a 
nominal 1.25V between the REF OUT (pin 7) and REF ADJ 
(pin 8) terminals. The reference voltage is impressed across 
program resistor R1 and, since the voltage is constant, a 
constant current li then flows through the output set resis- 
tor R2 giving an output voltage of: 

VoUT = Vref (l + + *ADJ R2 



TL/H/7970-4 


Since the 120 jutA current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V+ and load changes. 


CURRENT PROGRAMMING 

A feature not completely illustrated by the block diagram is 
the LED brightness control. The current drawn out of the 
reference voltage pin (pin 7) determines LED current. Ap- 
proximately 1 0 times this current will be drawn through each 
lighted LED, and this current will be relatively constant de- 


spite supply voltage and temperature changes. Current 
drawn by the internal 1 0-resistor divider, as well as by the 
external current and voltage-setting divider should be in- 
cluded in calculating LED drive current. The ability to modu- 
late LED brightness with time, or in proportion to input volt- 
age and other signals can lead to a number of novel dis- 
plays or ways of indicating input overvoltages, alarms, etc. 

MODE PIN USE 

Pin 9, the Mode Select input controls chaining of multiple 
LM3914S, and controls bar or dot mode operation. The fol- 
lowing tabulation shows the basic ways of using this input. 
Other more complex uses will be illustrated in the applica- 
tions. 

Bar Graph Display: Wire Mode Select (pin 9) directly to pin 
3 (V+ pin). 

Dot Display, Single LM3914 Driver: Leave the Mode Se- 
lect pin open circuit. 

Dot Display, 20 or More LEDs: Connect pin 9 of the first 
driver in the series (i.e., the one with the lowest input volt- 
age comparison points) to pin 1 of the next higher LM3914 
driver. Continue connecting pin 9 of lower input drivers to 
pin 1 of higher input drivers for 30, 40, or more LED dis- 
plays. The last LM3914 driver in the chain will have pin 9 
wired to pin 1 1 . All previous drivers should have a 20k resis- 
tor in parallel with LED No. 9 (pin 1 1 to Vled)- 

Mode Pin Functional Description 

This pin actually performs two functions. Refer to the simpli- 
fied block diagram below. 

Block Diagram of Mode Pin Function 


OUTPUT NO. 9 OUTPUT NO. 10 
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Mode Pin Functional Description (Continued) 


DOT OR BAR MODE SELECTION 

The voltage at pin 9 is sensed by comparator Cl, nominally 
referenced to (V+ - 100 mV). The chip is in bar mode 
when pin 9 Is above this level; otherwise it’s in dot mode. 
The comparator is designed so that pin 9 can be left open 
circuit for dot mode. 

Taking into account comparator gain and variation in the 
100 mV reference level, pin 9 should be no more than 
20 mV below V+ for bar mode and more than 200 mV be- 
low V+ (or open circuit) for dot mode. In most applications, 
pin 9 is either open (dot mode) or tied to V+ (bar mode). In 
bar mode, pin 9 should be connected directly to pin 3. Large 
currents drawn from the power supply (LED current, for ex- 
ample) should not share this path so that large IR drops are 
avoided. 

DOT MODE CARRY 

In order for the display to make sense when multiple 
LM3914s are cascaded in dot mode, special circuitry has 
been included to shut off LED No. 10 of the first device 
when LED No. 1 of the second device comes on. The con- 
nection for cascading in dot mode has already been de- 
scribed and is depicted below. 

As long as the input signal voltage is below the threshold of 
the second LM3914, LED No. 11 is off. Pin 9 of LM3914 
No. 1 thus sees effectively an open circuit so the chip is in 
dot mode. As soon as the input voltage reaches the thresh- 
old of LED No. 11, pin 9 of LM3914 No. 1 is pulled an LED 
drop (1.5V or more) below Vled- This condition is sensed by 
comparator C2, referenced 600 mV below Vled- This forces 
the output of C2 low, which shuts off output transistor Q2, 
extinguishing LED No. 10. 

Vled is sensed via the 20k resistor connected to pin 1 1 . 
The very small current (less than 100 jaA) that is diverted 
from LED No. 9 does not noticeably affect its intensity. 

An auxiliary current source at pin 1 keeps at least 1 00 ju,A 
flowing through LED No. 1 1 even if the input voltage rises 
high enough to extinguish the LED. This ensures that pin 9 
of LM3914 No. 1 is held low enough to force LED No. 10 off 
when any higher LED is illuminated. While 1 00 juA does not 
normally produce significant LED illumination, it may be no- 


ticeable when using high-efficiency LEDs in a dark environ- 
ment. If this is bothersome, the simple cure is to shunt LED 
No. 1 1 with a 10k resistor. The IV IR drop is more than the 
900 mV worst case required to hold off LED No. 10 yet 
small enough that LED No. 1 1 does not conduct significant- 
ly- 

OTHER DEVICE CHARACTERISTICS 

The LM3914 is relatively low-powered itself, and since any 
number of LEDs can be powered from about 3V, it is a very 
efficient display driver. Typical standby supply current (all 
LEDs OFF) is 1 .6 mA (2.5 mA max). However, any reference 
loading adds 4 times that current drain to the V+ (pin 3) 
supply input. For example, an LM3914 with a 1 mA refer- 
ence pin load (1.3k), would supply almost 10 mA to every 
LED while drawing only 10 mA from its V+ pin supply. At 
full-scale, the 1C is typically drawing less than 10% of the 
current supplied to the display. 

The display driver does not have built-in hysteresis so that 
the display does not jump instantly from one LED to the 
next. Under rapidly changing signal conditions, this cuts 
down high frequency noise and often an annoying flicker. 
An “overlap” is built in so that at no time between segments 
are all LEDs completely OFF in the dot mode. Generally 1 
LED fades in while the other fades out over a mV or more of 
range (Note 2). The change may be much more rapid be- 
tween LED No. 1 0 of one device and LED No. 1 of a second 
device “chained” to the first. 

The LM3914 features individually current regulated LED 
driver transistors. Further internal circuitry detects when any 
driver transistor goes into saturation, and prevents other cir- 
cuitry from drawing excess current. This results in the ability 
of the LM3914 to drive and regulate LEDs powered from a 
pulsating DC power source, i.e., largely unfiltered. (Due to 
possible oscillations at low voltages a nominal bypass ca- 
pacitor consisting of a 2.2 jaF solid tantalum connected from 
the pulsating LED supply to pin 2 of the LM3914 is recom- 
mended.) This ability to operate with low or fluctuating volt- 
ages also allows the display driver to interface with logic 
circuitry, opto-coupled solid-state relays, and low-current in- 
candescent lamps. 


Cascading LM3914s in Dot Mode 
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Typical Applications (Continued) 

Expanded Scale Meter, Dot or Bar 



Calibration: With a precision meter between pins 
4 and 6 adjust R1 for voltage Vq of 1.20V. Apply 
4.94V to pin 5, and adjust R4 until LED No. 5 just 
lights. The adjustments are non-interacting. 


TL/H/7970-8 

Application Example: 
Grading 5V Regulators 


Highest No. 
LED on 

Color 

V OUT(MIN) 

10 

Red 

5.54 

9 

Red 

5.42 

8 

Yellow 

5.30 

7 

Green 

5.18 

6 

Green 

5.06 

5V 

5 

Green 

4.94 

4 

Green 

4.82 

3 

Yellow 

4.7 

2 

Red 

4.58 

1 

Red 

4.46 


I 
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Typical Application (Continued) 

Operating with a High Voltage Supply (Dot Mode Only) 


-H- 


The LED currents are approximately 1 0 mA, and 
the LM3914 outputs operate in saturation for 
minimum dissipation. 
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This point is partially regulated and decreases in 
voltage with temperature. Voltage requirements 
of the LM3914 also decrease with temperature. 
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20-Segment Meter with Mode Switch 



Programs LEDs to 10 mA 


TL/H/7970-14 



Application Hints 

Three of the most commonly needed precautions for using 
the LM3914 are shown in the first typical application draw- 
ing (see page 9-108) showing a 0V-5V bar graph meter. 
The most difficult problem occurs when large LED currents 
are being drawn, especially in bar graph mode. These cur- 
rents flowing out of the ground pin cause voltage drops in 
external wiring, and thus errors and oscillations. Bringing the 
return wires from signal sources, reference ground and bot- 
tom of the resistor string (as illustrated) to a single point 
very near pin 2 is the best solution. 

Long wires from V L ed to LED anode common can cause 
oscillations. Depending on the severity of the problem 
0.05 julF to 2.2 jllF decoupling capacitors from LED anode 
common to pin 2 will damp the circuit. If LED anode line 
wiring is inaccessible, often similar decoupling from pin 1 to 
pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEDs light 
(dot mode), oscillation or excessive noise is usually the 
problem. In cases where proper wiring and bypassing fail to 
stop oscillations, V+ voltage at pin 3 is usually below sug- 
gested limits (see Note 2, page 9-108). Expanded scale me- 
ter applications may have one or both ends of the internal 
voltage divider terminated at relatively high value resistors. 
These high-impedance ends should be bypassed to pin 2 
with at least a 0.001 julF capacitor, or up to 0.1 jutF in noisy 
environments. 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all LEDs 
programmed to 20 mA the driver will dissipate over 600 mW. 
In this case a 7.5ft resistor in series with the LED supply will 
cut device heating in half. The negative end of the resistor 
should be bypassed with a 2.2 jllF solid tantalum capacitor 
to pin 2 of the LM3914. 

Turning OFF of most of the internal current sources is ac- 
complished by pulling positive on the reference with a cur- 
rent source or resistance supplying 1 00 juA or so. Alternate- 
ly, the input signal can be gated OFF with a transistor 
switch. 

Other special features and applications characteristics will 
be illustrated in the following applications schematics. 
Notes have been added in many cases, attempting to cover 
any special procedures or unusual characteristics of these 
applications. A special section called “Application Tips for 
the LM3914 Adjustable Reference” has been included with 
these schematics. 

APPLICATION TIPS FOR THE LM3914 ADJUSTABLE 
REFERENCE 

GREATLY EXPANDED SCALE (BAR MODE ONLY) 

Placing the LM391 4 internal resistor divider in parallel with a 
section ( = 230ft) of a stable, low resistance divider greatly 
reduces voltage changes due to 1C resistor value changes 
with temperature. Voltage V-| should be trimmed to 1 .IV first 
by use of R2. Then the voltage V 2 across the 1C divider 
string can be adjusted to 200 mV, using R5 without affecting 
Vi. LED current will be approximately 10 mA. 


NON-INTERACTING ADJUSTMENTS FOR EXPANDED 
SCALE METER (4.5V to 5V, Bar or Dot Mode) 

This arrangement allows independent adjustment of LED 
brightness regardless of meter span and zero adjustments. 
First, Vi is adjusted to 5V, using R2. Then the span (voltage 
across R4) can be adjusted to exactly 0.5V using R6 without 
affecting the previous adjustment. 

R9 programs LED currents within a range of 2.2 mA to 
20 mA after the above settings are made. 

Greatly Expanded Scale (Bar Mode Only) 


REF REF 

r lo r HI OUT ADJ 



TL/H/7970-15 

ADJUSTING LINEARITY OF SEVERAL STACKED 
DIVIDERS 

Three internal voltage dividers are shown connected in se- 
ries to provide a 30-step display. If the resulting analog me- 
ter is to be accurate and linear the voltage on each divider 
must be adjusted, preferably without affecting any other ad- 
justments. To do this, adjust R2 first, so that the voltage 
across R5 is exactly IV. Then the voltages across R3 and 
R4 can be independently adjusted by shunting each with 
selected resistors of 6 kft or higher resistance. This is pos- 
sible because the reference of LM3914 No. 3 is acting as a 
constant current source. 

The references associated with LM3914s No. 1 and No. 2 
should have their Ref Adj pins (pin 8) wired to ground, and 
their Ref Outputs loaded by a 620ft resistor to ground. This 
makes available similar 20 mA current outputs to all the 
LEDs in the system. 

If an independent LED brightness control is desired (as in 
the previous application), a unity gain buffer, such as the 
LM310, should be placed between pin 7 and R1, similar to 
the previous application. 
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Application Hints (Continued) 

Non-Interacting Adjustments for Expanded Scale Meter (4.5V to 5V, Bar or Dot Mode) 


REF REF 

RLO r HI OUT 10V ADJ 



TL/H/7970-16 


Adjusting Linearity of Several Stacked Dividers 


LM3914 .MO. 3 


LM3914 NO. 2 


LM3914 NO. 1 


R1 



Other Applications 

■ “Slow” — fade bar or dot display (doubles resolution) 

■ 20-step meter with single pot brightness control 

■ 10-step (or multiples) programmer 

■ Multi-step or “staging” controller 

■ Combined controller and process deviation meter 

■ Direction and rate indicator (to add to DVMs) 

■ Exclamation point display for power saving 

■ Graduations can be added to dot displays. Dimly light 
every other LED using a resistor to ground 

■ Electronic “meter-relay” — display could be circle or 
semi-circle 

■ Moving “hole” display — indicator LED is dark, rest of 
bar lit 

■ Drives vacuum-fluorescent and LCDs using added pas- 
sive parts 
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Connection Diagrams 


Dual-ln-Line Package 


Plastic Chip Carrier Package 



TL/H/7970-18 


Top View 


Order Number LM3914V 
See NS Package Number V20A 


LEO NO. 1 
V“ 
V + 

DIVIDER 
(LOW END) 

SIGNAL INPUT 

DIVIDER 
(HIGH END) 

REFERENCE OUTPUT 
REFERENCE ADJUST 
MODE SELECT 


TL/H/7970-19 

Top View 


XJ 


• LED NO. 2 


• LED NO. 3 
,16 

h- LED NO. 4 
. 15 

h- LED NO. 5 
.14 

h- LED NO. 6 
13 

— LED NO. 7 
LED NO. 8 

^ LED NO. 9 

. 1 ° 

H- LED NO. 10 


Order Number LM3914N 
See NS Package Number N18A 
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LM3915 Dot/Bar Display Driver 


General Description 

The LM3915 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEDs, LCDs or vacuum 
fluorescent displays, providing a logarithmic 3 dB/step ana- 
log display. One pin changes the display from a bar graph to 
a moving dot display. LED current drive is regulated and 
programmable, eliminating the need for current limiting re- 
sistors. The whole display system can operate from a single 
supply as low as 3V or as high as 25V. 

The 1C contains an adjustable voltage reference and an ac- 
curate ten-step voltage divider. The high-impedance input 
buffer accepts signals down to ground and up to within 1 .5V 
of the positive supply. Further, it needs no protection 
against inputs of ±35V. The input buffer drives 10 individual 
comparators referenced to the precision divider. Accuracy is 
typically better than 1 dB. 

The LM3915’s 3 dB/step display is suited for signals with 
wide dynamic range, such as audio level, power, light inten- 
sity or vibration. Audio applications include average or peak 
level indicators, power meters and RF signal strength me- 
ters. Replacing conventional meters with an LED bar graph 
results in a faster responding, more rugged display with high 
visibility that retains the ease of interpretation of an analog 
display. 

The LM391 5 is extremely easy to apply. A 1 .2V full-scale 
meter requires only one resistor in addition to the ten LEDs. 
One more resistor programs the full-scale anywhere from 
1.2V to 12V independent of supply voltage. LED brightness 
is easily controlled with a single pot. 


The LM391 5 is very versatile. The outputs can drive LCDs, 
vacuum fluorescents and incandescent bulbs as well as 
LEDs of any color. Multiple devices can be cascaded for a 
dot or bar mode display with a range of 60 or 90 dB. 
LM3915s can also be cascaded with LM3914s for a linear/ 
log display or with LM3916s for an extended-range VU me- 
ter. 

Features 

■ 3 dB/step, 30 dB range 

■ Drives LEDs, LCDs, or vacuum fluorescents 

■ Bar or dot display mode externally selectable by user 

■ Expandable to displays of 90 dB 

■ Internal voltage reference from 1.2V to 12V 

■ Operates with single supply of 3V to 25V 

■ Inputs operate down to ground 

■ Output current programmable from 1 mA to 30 mA 

■ Input withstands +35V without damage or false outputs 

■ Outputs are current regulated, open collectors 

■ Directly drives TTL or CMOS 

■ The internal 10-step divider is floating and can be refer- 
enced to a wide range of voltages 

The LM3915 is rated for operation from 0°C to +70°C. The 
LM3915N is available in an 18-lead molded DIP package. 


Typical Applications 

0V to 10V Log Display 



0 3V<V LED <V + 


Cl I 
2.2 /iF I 
TANTALUM — «■— 
ORIOmF^T^ 
ALUMINUM I 
ELECTROLYTIC 1 
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v~ 

v + 

R L0 

SIG R HI 

REF 

OUT 

REF 

ADJ 

MODE 


Vref = 1.25V 


>LED 


12.5V 

R1 


(■*£) 
, Vref 
2.2 k SI 


V - 

12VT0 20V 


R2 x 80 ju,A 


► R1 

► 1.24k 


V REF 


SIGNAL 

SOURCE 


► R2 

► 8.06k 


Note 1: Capacitor Cl is re- 
quired if leads to the LED sup- 
ply are 6" or longer. 

Note 2: Circuit as shown is 
wired for dot mode. For bar 
mode, connect pin 9 to pin 3. 
Vled must be kept below 7V or 
dropping resistor should be 
used to limit 1C power dissipa- 
tl0n - TL/H/5104-1 
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Absolute Maximum Ratings 

Iff Military/ Aerospace specified devices are required, Input Signal Overvoltage (Note 3) 

please contact the National Semiconductor Sales Divider Voltage 

Office/Distributors for availability and specifications. R e f er ence Load Current 

Power Dissipation (Note 5) c , rano -mncrot, Danno 

Molded DIP(N) 1 365 mW Storage Temperature Range 

Supply Voltage 25V Lead Temperature (Soldering, 10 sec.) 

Voltage on Output Drivers 25V 

±35V 

-100 mV to V + 

10 mA 

— 55°C to -F 1 50°C 

260°C 

Electrical Characteristics (Notes i and 3> 





Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

Comparators 

Offset Voltage, Buffer and First 

Comparator 

0V ^ Vrlo = Vrhi ^ 12V, 

•led = 1 mA 


3 

10 

mV 

Offset Voltage, Buffer and Any Other 
Comparator 

ov ^ Vr L o = Vrhi ^ 12V, 

Iled = 1 mA 


3 

15 

mV 

Gain (AIled/ AVin) 

•l(REF) = 2 mA, l LE D = 10 mA 

3 

8 


mA/mV 

Input Bias Current (at Pin 5) 

0V^ V| N ^ (V+ - 1.5V) 


25 

100 

nA 

Input Signal Overvoltage 

No Change in Display 

-35 


35 

V 

Voltage-Divider 

Divider Resistance 

Total, Pin 6 to 4 

16 

28 

36 

kn 

Relative Accuracy (Input Change 

Between Any Two Threshold Points) 

(Note 2) 

2.0 

3.0 

4.0 

dB 

Absolute Accuracy at Each Threshold Point 

(Note 2) 






V|n = -3, —6 dB 

-0.5 


+ 0.5 

dB 


V| N =-9dB 

-0.5 



dB 


V| N = -12, -15, —18 dB 

-0.5 


+ 1.0 

dB 


V| H = -21, -24, -27 dB 



+ 1.5 

dB 

Voltage Reference 

Output Voltage 

0.1 mA ^ Il(REF) ^ 4 mA, 

V+ = V LED = 5V 

1.2 

1.28 

1.34 

V 

Line Regulation 

3V ^ V+ <; 18V 


0.01 

0.03 

%/V 

Load Regulation 

0.1 mA ^ Il(REF) ^ 4 mA, 

V + = V LED = 5V 


0.4 

2 

% 

Output Voltage Change with Temperature 

0°C <1 Ta ^ + 70°C, l|_(REF) = "1 mA, 
V+=V LED 5V 


1 


% 

Adjust Pin Current 



75 

120 

fiA 
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Electrical Characteristics (Note i> (continued) 


Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

Output Drivers 

LED Current 

V+ = V LED = 5V, Il(reF) = 1 rnA 

7 

10 

13 

mA 

LED Current Difference (Between Largest 
and Smallest LED Currents) 

Vled = 5V, Iled = 2 mA 

Vj_ed = 5V, Iled 20 mA 


0.12 

0.4 

mA 


1.2 

3 

mA 

LED Current Regulation 

2V ^ V LE d ^ 17V, I L ed = 2 mA 

Iled = 20 mA 


0.1 

0.25 

mA 


1 

3 

mA 

Dropout Voltage 

•led(on) — 20 mA @ Vled = 5V, 
AIled = 2 mA 



1.5 

V 

Saturation Voltage 

•LED = 2.0 mA, Il(REF) = mA 


0.15 

0.4 

V 

Output Leakage, Each Collector 

Bar Mode (Note 4) 


0.1 

10 

juA 

Output Leakage 

Pins 10-18 

Pinl 

Dot Mode (Note 4) 


0.1 

10 

fxA 

60 

150 

450 

jliA 

Supply Current 

Standby Supply Current 
(All Outputs Off) 

V+ = + 5V, I L (ref) = 0.2 mA 

V+ = +20V, I L (ref) = 1.0 mA 


2.4 

4.2 

mA 


6.1 

9.2 

mA 

Note 1: Unless otherwise stated, all specifications apply with the following conditions: 

3 Vdc ^ V+ ^ 20 Vdc -0.015V ^ Vrlo ^ 12 Vdc t a = 25°C, Il(ref) = 0.2 mA, pin 9 connected to pin 3 (bar mode). 


3 Vdc ^ V|_ed ^ V+ Vref. Vrhi, Vrlo ^ (V+ - 1.5V) For higher power dissipations, pulse testing is used. 

-0.015V £ Vrhi £ 12 V DC OV £ V| N £ V+ - 1.5V 

Note 2: Accuracy is measured referred to 0 dB = + 1 0.000 Vqc at pin 5, with + 1 0.000 Vqc at pin 6, and 0.000 Vqc at pin 4. At lower full scale voltages, buffer 
and comparator offset voltage may add significant error. See table for threshold voltages. 

Note 3: Pin 5 input current must be limited to ±3 mA. The addition of a 39k resistor in series with pin 5 allows +100V signals without damage. 

Note 4: Bar mode results when pin 9 is within 20 mV of V+. Dot mode results when pin 9 is pulled at least 200 mV below V+. LED #10 (pin 10 output current) is 
disabled if pin 9 is pulled 0.9V or more below Vled- 

Note 5: The maximum junction temperature of the LM3915 is 100°C. Devices must be derated for operation at elevated temperatures. Junction to ambient thermal 
resistance is 55°C/W for the molded DIP (N package). 


THRESHOLD VOLTAGE (Note 2) 


Output 

dB 

Min 

Typ 

Max 

Output 

dB 

Min 

Typ 

Max 

1 

-27 


0.447 


6 

-12 

2.372 


2.819 

2 

-24 


0.631 


7 

-9 

3.350 

1 

3.825 

3 

-21 


0.891 


8 

-6 

4.732 


5.309 

4 

-18 

H 

1.259 


9 

-3 

6.683 


7.498 

5 

-15 

1 

1.778 


10 

0 

9.985 

10 

10.015 
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DIVIDER RESISTANCE (NORMALIZED) INPUT CURRENT (mA) REFERENCE ADJUST PIN CURRENT (#iA) SUPPLY CURRENT (mA TO PIN 3) 


Typical Performance Characteristics 


Supply Current vs 
Temperature 


V* (PIN 3) = 20V 
I V + = 10V 


_NOTE: REFERENCE LOAD_ 
CURRENT = 1mA 


0 25 50 75 

TEMPERATURE (°C) 

Reference Adjust Pin 
Current vs Temperature 



25 50 75 

TEMPERATURE (°C) 


Input Current Beyond 
Signal Range (Pin 5) 


I V = 20V 
I DIVIDER V= 10V 


— 

n 

-Ta 

n 

= 70°( 

1 




T 














-40 -30 -20 -10 0 10 20 30 40 


Total Divider Resistance 
vs Temperature 


Operating Input Bias 
Current vs Temperature 



0 25 50 75 

TEMPERATURE (°C) 

LED Current-Regulation 
Dropout 



0 5 10 15 20 25 

LED CURRENT (mA) 

LED Current vs 
Reference Loading 



0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
REFERENCE LOAD CURRENT (mA) 


Common-Mode Limits 


DIVIDER PARALLEL 
-WITH STABLE 
Ik RESISTOR 







r i i 

REFERRED TO POSITIVE 



SUPPLY VOLTAGE | 

— 1 — H 

— 









\ \ i i 

NEGATIVE COMMON-MODE 

LIMIT INCLUDES GROUND 
i i i i 


20 40 6 

TEMPERATURE (°C) 


Reference Voltage vs 
Temperature 



0 25 50 75 

TEMPERATURE ( C) 

LED Driver Saturation 
Voltage 

1 1 ! 1 

_ REFERENCE LOAD CURRENT =_ 
LED CURRENT I I / 


0 5 10 15 20 25 

LED CURRENT (mA) 

LED Driver Current 
Regulation 



0 5 10 15 20 25 

LED SUPPLY VOLTAGE (V) 

TL/H/5104-2 

Output Characteristics 

2 I V + = 5V I 

T ft = 25°C 1 mA 

• -*-1 — 

/ 800 fjA 

8 -^“1 

/ 600 nA 

b / 1 

' — ; f 1 — I — 

2 1/1 1 fri 

0.2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE(V) 

TL/H/5104-3 
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Block Diagram (Showing Simplest Application) 



TL/H/5104-4 
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Functional Description 

The simplified LM3915 block diagram is included to give the 
general idea of the circuit’s operation. A high input imped- 
ance buffer operates with signals from ground to 1 2V, and is 
protected against reverse and overvoltage signals. The sig- 
nal is then applied to a series of 1 0 comparators; each of 
which is biased to a different comparison level by the resis- 
tor string. 

In the example illustrated, the resistor string is connected to 
the internal 1.25V reference voltage. In this case, for each 
3 dB that the input signal increases, a comparator will 
switch on another indicating LED. This resistor divider can 
be connected between any 2 voltages, providing that they 
are at least 1.5V below V+ and no lower than V - . 

INTERNAL VOLTAGE REFERENCE 

The reference is designed to be adjustable and develops a 
nominal 1.25V between the REF OUT (pin 7) and REF ADJ 
(pin 8) terminals. The reference voltage is impressed across 
program resistor R1 and, since the voltage is constant, a 
constant current li then flows through the output set resis- 
tor R2 giving an output voltage of: 

VoUT = Vref ( 1 + + lADJ R2 



TL/H/5104-5 

Since the 120 ju,A current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V + and load changes. 
For correct operation, reference load current should be be- 
tween 80 /jlA and 5 mA. Load capacitance should be less 
than 0.05 juF. 

CURRENT PROGRAMMING 

A feature not completely illustrated by the block diagram is 
the LED brightness control. The current drawn out of the 
reference voltage pin (pin 7) determines LED current. Ap- 
proximately 1 0 times this current will be drawn through each 
lighted LED, and this current will be relatively constant de- 
spite supply voltage and temperature changes. Current 
drawn by the internal 10-resistor divider, as well as by the 
external current and voltage-setting divider should be in- 
cluded in calculating LED drive current. The ability to modu- 
late LED brightness with time, or in proportion to input volt- 
age and other signals can lead to a number of novel dis- 
plays or ways of indicating input overvoltages, alarms, etc. 
The LM3915 outputs are current-limited NPN transistors as 
shown below. An internal feedback loop regulates the tran- 
sistor drive. Output current is held at about 10 times the 
reference load current, independent of output voltage and 
processing variables, as long as the transistor is not saturat- 
ed. 


LM3915 Output Circuit 


PIN 1, PINS 10-18 



TL/H/5104-6 

Outputs may be run in saturation with no adverse effects, 
making it possible to directly drive logic. The effective satu- 
ration resistance of the output transistors, equal to Re plus 
the transistors’ collector resistance, is about 50ft. It’s also 
possible to drive LEDs from rectified AC with no filtering. To 
avoid oscillations, the LED supply should be bypassed with 
a 2.2 jllF tantalum or 10 juF aluminum electrolytic capacitor. 

MODE PIN USE 

Pin 9, the Mode Select input, permits chaining of multiple 
LM3915S, and controls bar or dot mode operation. The fol- 
lowing tabulation shows the basic ways of using this input. 
Other more complex uses will be illustrated in the applica- 
tions. 

Bar Graph Display: Wire Mode Select (pin 9) directly to pin 
3 (V+ pin). 

Dot Display, Single LM3915 Driver: Leave the Mode Se- 
lect pin open circuit. 

Dot Display, 20 or More LEDs: Connect pin 9 of the first 
driver in the series (i.e., the one with the lowest input volt- 
age comparison points) to pin 1 of the next higher LM391 5 
driver. Continue connecting pin 9 of lower input drivers to 
pin 1 of higher input drivers for 30 or more LED displays. 
The last LM391 5 driver in the chain will have pin 9 left open. 
All previous drivers should have a 20k resistor in parallel 
with LED #9 (pin 11 to V|_ed)- 

Mode Pin Functional Description 

This pin actually performs two functions. Refer to the simpli- 
fied block diagram below. 

Block Diagram of Mode Pin Function 


OUTPUT NO. 9 OUTPUT NO. 10 
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Mode Pin Functional Description 

(Continued) 

DOT OR BAR MODE SELECTION 

The voltage at pin 9 is sensed by comparator Cl , nominally 
referenced to (V+ - 100 mV). The chip is in bar mode 
when pin 9 is above this level; otherwise it’s in dot mode. 
The comparator is designed so that pin 9 can be left open 
circuit for dot mode. 

Taking into account comparator gain and variation in the 
100 mV reference level, pin 9 should be no more than 20 
mV below V+ for bar mode and more than 200 mV below 
V+ (or open circuit) for dot mode. In most applications, pin 
9 is either open (dot mode) or tied to V+ (bar mode). In bar 
mode, pin 9 should be connected directly to pin 3. Large 
currents drawn from the power supply (LED current, for ex- 
ample) should not share this path so that large IR drops are 
avoided. 

DOT MODE CARRY 

In order for the display to make sense when multiple 
LM3915S are cascaded in dot mode, special circuitry has 
been included to shut off LED #10 of the first device when 
LED #1 of the second device comes on. The connection for 
cascading, in dot mode has already been described and is 
depicted below. 

As long as the input signal voltage is below the threshold of 
the second LM3915, LED #11 is off. Pin 9 of LM3915 #1 
thus sees effectively an open circuit so the chip is in dot 
mode. As soon as the input voltage reaches the threshold 
of LED #11, pin 9 of LM3915 #1 is pulled an LED drop 
(1.5V or more) below Vled- This condition is sensed by 
comparator C2, referenced 600 mV below Vled- This forces 
the Output of C2 low, which shuts off output transistor Q2, 
extinguishing LED #10. 

Vled is sensed via the 20k resistor connected to pin 11. 
The very small current (less than 100 juA) that is diverted 
from LED #9 dobs not noticeably affect its intensity. 

An auxiliary current source at pin 1 keeps at least 1 00 jaA 
flowing through LED #11 even if the input voltage rises high 
enough to extinguish the LED. This ensures that pin 9 of 
LM3915 #1 is held low enough to force LED #10 off when 
any higher LED is illuminated. While 100 juA does not nor- 
mally produce significant LED illumination, it may be notice- 
able when using high-efficiency LEDs in a dark environment. 
If this is bothersome, the simple cure is to shunt LED # 1 1 
with a 10k resistor. The 1 V IR drop is more than the 900 mV 
worst case required to hold off LED # 1 0 yet small enough 
that LED # 1 1 does not conduct significantly. 


OTHER DEVICE CHARACTERISTICS 

The LM3916 is relatively low-powered itself, and since any 
number of LEDs can be powered from about 3V, it is a very 
efficient display driver. Typical standby supply current (all 
LEDs OFF) is 1 .6 mA. However, any reference loading adds 
4 times that current drain to the V+ (pin 3) supply input. For 
example, an LM3916 with a 1 mA reference pin load (1.3k) 
would supply almost 10 mA to every LED while drawing only 
10 mA from its V+ pin supply. At full-scale, the 1C is typically 
drawing less than 1 0% of the current supplied to the dis- 
play. 

The display driver does not have built-in hysteresis so that 
the display does not jump instantly from one LED to the 
next. Linder rapidly changing signal conditions, this cuts 
down high frequency noise and often an annoying flicker. 
An “overlap” is built in so that at no time are all segments 
completely off in the dot mode. Generally 1 LED fades in 
while the other fades out over a mV or more of range. The 
change may be much more rapid between LED # 1 0 of one 
device and LED #1 of a second device “chained” to the 
first. 

Application Hints 

The most difficult problem occurs when large LED currents 
are being drawn, especially in bar graph mode. These cur- 
rents flowing out of the ground pin cause voltage drops in 
external wiring, and thus errors and oscillations. Bringing the 
return wires from signal sources, reference ground and bot- 
tom of the resistor string to a single point very near pin 2 is 
the best solution. 

Long wires from Vled to LED anode common can cause 
oscillations. Depending on the severity of the problem 
0.05 juF to 2.2 juF decoupling capacitors from LED anode 
common to pin 2 will damp the circuit. If LED anode line 
wiring is inaccessible, often similar decoupling from pin 1 to 
pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEDs light 
(dot mode), oscillation or excessive noise is usually the 
problem. In cases where proper wiring and bypassing fail to 
stop oscillations, V+ voltage at pin 3 is usually below sug- 
gested limits. Expanded scale meter applications may have 
one or both ends of the internal voltage divider terminated 
at relatively high value resistors. These high-impedance 
ends should be bypassed to pin 2 with at least a 0.001 juF 
capacitor, or up to 0.1 jaF in noisy environments. 


Cascading LM3915s in Dot Mode 
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Application Hints (Continued) 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all LEDs 
programmed to 20 mA the driver will dissipate over 600 mW. 
In this case a 7.5ft resistor in series with the LED supply will 
cut device heating in half. The negative end of the resistor 
should be bypassed with a 2.2 juF solid tantalum capacitor 
to pin 2. 

TIPS ON RECTIFIER CIRCUITS 

The simplest way to display an AC signal using the LM391 5 
is to apply it right to pin 5 unrectified. Since the LED illumi- 
nated represents the instantaneous value of the AC wave- 
form, one can readily discern both peak and average values 
of audio signals in this manner. The LM3915 will respond to 
positive half-cycles only but will not be damaged by signals 
up to ±35V (or up to +100V if a 39k resistor is in series 
with the input). It’s recommended to use dot mode and to 
run the LEDs at 30 mA for high enough average intensity. 
True average or peak detection requires rectification. If an 
LM391 5 is set up with 10V full scale across its voltage divid- 
er, the turn-on point for the first LED is only 450 mV. A 
simple silicon diode rectifier won’t work well at the low end 
due to the 600 mV diode threshold. The half-wave peak 
detector in Figure 1 uses a PNP emitter-follower in front of 
the diode. Now, the transistor’s base-emitter voltage can- 
cels out the diode offset, within about 100 mV. This ap- 
proach is usually satisfactory when a single LM3915 is used 
for a 30 dB display. 


V + (5V TO 25V) 



Display circuits using two or more LM391 5s for a dynamic 
range of 60 dB or greater require more accurate detection. 
In the precision half-wave rectifier of Figure 2 the effective 
diode offset is reduced by a factor equal to the open-loop 
gain of the op amp. Filter capacitor C2 charges through R3 
and discharges through R2 and R3, so that appropriate se- 
lection of these values results in either a peak or an average 
detector. The circuit has a gain equal to R2/R1. 

It’s best to capacitively couple the input. Audio sources fre- 
quently have a small DC offset that can cause significant 
error at the low end of the log display. Op amps that slew 
quickly, such as the LF351 , LF353, or LF356, are needed to 
faithfully respond to sudden transients. It may be necessary 
to trim out the op amp DC offset voltage to accurately cover 
a 60 dB range. Best results are obtained if the circuit is 
adjusted for the correct output when a low-level AC signal 
(1 0 to 20 mV) is applied, rather than adjusting for zero out- 
put with zero input. 

For precision full-wave averaging use the circuit in Figure 3. 
Using 1 % resistors for R1 through R4, gain for positive and 
negative signal differs by only 0.5 dB worst case. Substitut- 
ing 5% resistors increases this to 2 dB worst case. (A 2 dB 
gain difference means that the display may have a ± 1 dB 
error when the input is a nonsymmetrical transient). The 
averaging time constant is R5-C2. A simple modification 
results in the precision full-wave detector of Figure 4. Since 
the filter capacitor is not buffered, this circuit can drive only 
high impedance loads such as the input of an LM3915. 


H4iT' 



D1, D2: 1N914 or 1N4148 



Average 

Peak 

R2 

Ik 

100k 

R3 

100k 

Ik 


R1 = R2 for A v = 1 
R1 = R2/R10 for Ay = 10 
Cl = 10/R1 

TL/H/5104-10 

FIGURE 2. Precision Half-Wave Rectifier 


C2 



TL/H/5104-1 1 
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Application Hints (Continued) 

R6 

Ik 



FIGURE 4. Precision Full-Wave Peak Detector 


CASCADING THE LM3915 

To display signals of 60 or 90 dB dynamic range, multiple 
LM3915s can be easily cascaded. Alternatively, it is possi- 
ble to cascade an LM3915 with LM3914s for a log/linear 
display or with an LM3916 to get an extended range VU 
meter. 

A simple, low cost approach to cascading two LM3915s is 
to set the reference voltages of the two chips 30 dB apart 
as in Figure 5. Potentiometer R1 is used to adjust the full 
scale voltage of LM3915 #1 to 316 mV nominally while the 
second IC’s reference is set at 10V by R4. The drawback of 
this method is that the threshold of LED # 1 is only 1 4 mV 
and, since the LM391 5 can have an offset voltage as high 
as 1 0 mV, large errors can occur. This technique is not rec- 
ommended for 60 dB displays requiring good accuracy at 
the first few display thresholds. 

A better approach shown in Figure 6 is to keep the refer- 
ence at 10V for both LM3915s and amplify the input signal 


to the lower LM3915 by 30 dB. Since two 1% resistors can 
set the amplifier gain within ± 0.2 dB, a gain trim is unneces- 
sary. However, an op amp offset voltage of 5 mV will shift 
the first LED threshold as much as 4 dB, so that an offset 
trim may be required. Note that a single adjustment can null 
out offset in both the precision rectifier and the 30 dB gain 
stage. Alternatively, instead of amplifying, input signals of 
sufficient amplitude can be fed directly to the lower LM3915 
and attenuated by 30 dB to drive the second LM391 5. 

To extend this approach to get a 90 dB display, another 30 
dB of amplification must be placed in the signal path ahead 
of the lowest LM3915. Extreme care is required as the low- 
est LM3915 displays input signals down to 0.5 mV! Several 
offset nulls may be required. High currents should not share 
the same path as the low level signal. Also power line wiring 
should be kept away from signal lines. 
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Application Hints (Continued) 



INPUT 

(10V FULL SCALE) 


FIGURE 6. Improved Circuit for 60 dB Display 


TL/H/5104-14 


TIPS ON REFERENCE VOLTAGE 
AND LED CURRENT PROGRAMMING 

SINGLE LM3915 

The equations in Figure 7 illustrate how to choose resistor 
values to set reference voltage for the simple case where 
no LED intensity adjustment is required. A LED current of 1 0 
mA to 20 mA generally produces adequate illumination. 
Having 10V full-scale across the internal voltage divider 
gives best accuracy by keeping signal level high relative to 
the offset voltage of the internal comparators. However, this 
causes 450 ju-A to flow from pin 7 into the divider which 
means that the LED current will be at least 5 mA. R1 will 
typically be between 1 kft and 2 kft. To trim the reference 
voltage, vary R2. 


The circuit in Figure 8 shows how to add a LED intensity 
control which can vary LED current from 9 mA to 28 mA. 
The reference adjustment has some effect on LED intensity 
but the reverse is not true. 

MULTIPLE LM3915S 

Figure 9 shows how to obtain a common reference trim and 
intensity control for two LM391 5s ; The two ICs may be con- 
nected in cascade for a 60 dB display or may be handling 
separate channels for stereo. This technique can be ex- 
tended for larger numbers of LM391 5s by varying the values 
of R1, R2 and R3 in inverse proportion to the number of 
devices tied in. The ICs’ internal references track within 100 
mV so that worst case error from chip to chip is only 0.1 dB 
for Vref = 10V. 


1 18 1 17 1 16 1 1 5 1 14 1 13 1 12 |l1 |ll 


r L0 


r hi 


r-'WV' 1 REF REF 

V" V + _J SIG 1 OUT ADJ MOPE 


I 1 h h 1 I* 


Vref 


Adjust R2 to vary Vref 
12.5V 


>LED “ Vref/ 2-2 kft 




TL/H/5104-15 


FIGURE 7. Design Equations for Fixed LED Intensity 
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Application Hints (Continued) 



TL/H/5104-17 

FIGURE 9. Independent Adjustment of Reference Voltage and LED Intensity for Multiple LM3915s 


The scheme in Figure 10 is useful when the reference and 
LED intensity must be adjusted independently over a wide 
range. The Rm voltage can be adjusted from 1 .2V to 1 0V 
with no effect on LED current. Since the internal divider here 
does not load down the reference, minimum LED current is 
much lower. At the minimum recommended reference load 
of 80 juA, LED current is about 0.8 mA. The resistor values 
shown give a LED current range from 1 .5 mA to 20 mA. 

At the low end of the intensity adjustment, the voltage drop 
across the 51 OH current-sharing resistors is so small that 
chip to chip variation in reference voltage may yield a visible 
variation in LED intensity. The optional approach shown of 
connecting the bottom end of the intensity control pot to a 
negative supply overcomes this problem by allowing a larger 
voltage drop across the (larger) current-sharing resistors. 


Other Applications 

For increased resolution, it’s possible to obtain a display 
with a smooth transition between LEDs. This is accom- 
plished by varying the reference level at pin 6 by 3 dBp-p as 
shown in Figure 1 1. The signal can be a triangle, sawtooth 
or sine wave from 60 Hz to 1 kHz. The display can be run in 
either dot or bar mode. 

When an exponentially decaying RC discharge waveform is 
applied to pin 5, the LM3915’s outputs will switch at equal 
intervals. This makes a simple timer or sequencer. Each 
time interval is equal to RC/3. The output may be used to 
drive logic, opto-couplers, relays or PNP transistors, for ex- 
ample. 


Typical Applications 



TL/H/5104-18 

FIGURE 10. Wide-Range Adjustment of Reference Voltage and LED Intensity for Multiple LM3915S 
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Typical Applications (Continued) 



TL/H/5104-19 

FIGURE 11. OV to 10V Log Display with Smooth Transitions 


Extended Range VU Meter 



Vibration Meter 



LED Threshold 

1 60 mV 

2 80 mV 

3 110 mV 

4 160 mV 

5 220 mV 

6 320 mV 

7 440 mV 

8 630 mV 

9 890 mV 

10 1.25V 




LM3915 


Typical Applications (Continued) 

Indicator and Alarm, Full-Scale Changes Display From Dot to Bar 


[/y ] 

[A/ 2 

Fa/ 2 

Fa/ 2 

Fa/ 2 

Fa/ 2 

Fj\/ 2 

Fa/ 2 Fa 

LEI 
1 ^ 

« 

1 17 

26 

25 

14 

22 

12 

11 10 


*The input to the dot bar switch may be taken from cath- 
odes of other LEDs. 

Display will change to bar as soon as the LED so select- 
ed begins to light. 

♦Optional. Shunts 100 ju.A auxiliary sink current away from 
LED #1. 

TL/H/51 04-22 


60 dB Dot Mode Display 


A/ w \A/ A/V JA/ JA/ JA/ JA/ JA/ l/b 


REF REF 

R L0 SIG r HI OUT ADJ MODE 


|1 2 [3 4 5 16 T7 18 T9 


Optional. Shunts 100 juA auxiliary sink current away from LED #11. 


INPUT 

(10V FULL-SCALE) 
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Typical Applications (Continued) 

Driving Vacuum Fluorescent Display 


v + 

12V TO 15V 


X 



ANODE 

FILAMENT 

FILAMENT 

VACUUM FLUORESCENT 

HI 

LO 

BAR GRAPH 

GRID 



R7 thru R15: 10k ±10% 
D1, D2: 1N914 or 1N4148 


Half-wave peak detector. 
See Application Hints. 


TL/H/51 04-24 


Low Current Bar Mode Display 



Supply current drain is only 15 mA with ten LEDs illuminated. 


TL/H/51 04-25 






LM3915 
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|H 117 116 115 114 Il3 llZ 111 110 




LM3915 



V“ 

v + 

r L 0 SIG r HI 

REF 

OUT 

REF 

ADJ MODE 



\0 ^0 jg 0 ^0 ^0 10 ^0 ^0 ^0 ^0 \0 4 r 0 X 0 \0 ^0 \0 ^0 ^ r 0 ^0 


1 X" 


Audio Power Meter 

1.6W 3W 6W 13W 25W 


1 X" 


d? yft yft yft \rft \rft ^ yft yft yft yft 

18 17 16 16 1 14 13 12 11 10 


* Resistor value selects exposure 
1 /2 f/stop resolution 
Ten f/stop range (1000:1) 

Typical supply current is 8 mA. 

TL/H/51 04-30 


Connection Diagram 

Dual-In-Line Package 


DIVIDER Jj. 
(HIGH END) 

REFERENCE OUTPUT — 

REFERENCE ADJUST — 
9 

MODE SELECT — 



Top View 

Order Number LM3915N 
See NS Package Number N18A 


Load 

Impedance 

R1 

4a 

10k 

8a 

18k 

i6a 

30k 


See Application Hints for optional Peak 
or Average Detector 
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Definition of Terms 

Absolute Accuracy: The difference between the observed 
threshold voltage and the ideal threshold voltage for each 
comparator. Specified and tested with 10V across the inter- 
nal voltage divider so that resistor ratio matching error pre- 
dominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear re- 
gion. 

Comparator Gain: The ratio of the change in output current 
(•led) to the change in input voltage (Vin) required to pro- 
duce it for a comparator in the linear region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current fall by 
10 %. 

Input Bias Current: Current flowing out of the signal input 
when the input buffer is in the linear region. 

LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (V|_ed) as 


measured at the current source outputs. As the forward volt- 
age of an LED does not change significantly with a small 
change in forward current, this is equivalent to changing the 
voltage at the LED anodes by the same amount. 

Line Regulation: The average change in reference output 
voltage (Vref) over the specified range of supply voltage 
(V+). 

Load Regulation: The change in reference output voltage 
over the specified range of load current Ol(ref))- 
Offset Voltage: The differential input voltage which must 
be applied to each comparator to bias the output in the 
linear region. Most significant error when the voltage across 
the internal voltage divider is small. Specified and tested 
with pin 6 voltage (Vrri) equal to pin 4 voltage (Vrlo)- 
Relative Accuracy: The difference between any two adja- 
cent threshold points. Specified and tested with 10V across 
the internal voltage divider so that resistor ratio matching 
error predominates over comparator offset voltage 
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National Semiconductor 


LM3916 Dot/Bar Display Driver 

General Description 

The LM3916 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEDs, LCDs or vacuum 
fluorescent displays, providing an electronic version of the 
popular VU meter. One pin changes the display from a bar 
graph to a moving dot display. LED current drive is regulat- 
ed and programmable, eliminating the need for current limit- 
ing resistors. The whole display system can operate from a 
single supply as low as 3V or as high as 25 V. 

The 1C contains an adjustable voltage reference and an ac- 
curate ten-step voltage divider. The high-impedance input 
buffer accepts signals down to ground and up to within 1 .5 V 
of the positive supply. Further, it needs no protection 
against inputs of ±35V. The input buffer drives 10 individual 
comparators referenced to the precision divider. Accuracy is 
typically better than 0.2 dB. 

Audio applications include average or peak level indicators, 
and power meters. Replacing conventional meters with an 
LED bar graph results in a faster responding, more rugged 
display with high visibility that retains the ease of interpreta- 
tion of an analog display. 

The LM3916 is extremely easy to apply. A 1.2V full-scale 
meter requires only one resistor in addition to the ten LEDs. 

One more resistor programs the full-scale anywhere from 
1 .2 V to 1 2V independent of supply voltage. LED brightness 
is easily controlled with a single pot. 

Typical Applications 

0V TO 10V VU Meter 


-20 -10 -7 -5 -3 -1 0 +1 +2 +3 VU 



The LM391 6 is very versatile. The outputs can drive LCDs, 
vacuum fluorescents and incandescent bulbs as well as 
LEDs of any color. Multiple devices can be cascaded for a 
dot or bar mode display for increased range and/or resolu- 
tion. Useful in other applications are the linear LM3914 and 
the logarithmic LM3915. 

Features 

■ Fast responding electonic VU meter 

■ Drivers LEDs, LCDs, or vacuum fluorescents 

■ Bar or dot display mode externally selectable by user 

■ Expandable to displays of 70 dB 

■ Internal voltage reference from 1.2V to 12V 

■ Operates with single supply of 3V to 25V 

■ Inputs operate down to ground 

■ Output current programmable from 1 mA to 30 mA 

■ Input withstands ±35V without damage or false outputs 

■ Outputs are current regulated, open collectors 

■ Directly drives TTL or CMOS 

■ The internal 1 0-step divider is floating and can be refer- 
enced to a wide range of voltages 

The LM3916 is rated for operation from 0°C to + 70°C. The 
LM3916N is available in an 18-lead molded DIP package. 
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Absolute Maximum Ratings 






If Military/ Aerospace specified devices are required, Input Signal Overvoltage (Note 3) 



+ 35V 

please contact the National Semiconductor Sales Divider Voltage 



-100 mV to V+ 

Office/Distributors for availability and specifications. Reference Load Current 




10 mA 

Power Dissipation (Note 5) 

Molded DIP (N) 

ia/ Storage Temperature Range 

1 obb mw 


- 55°C to + 1 50°C 

Supply Voltage 

n . Lead Temperature (Soldering, 1 0 seconds) 

2bV 

260°C 

Voltage on Output Drivers 

25V 





Electrical Characteristics (Notes i and 3) 





Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

COMPARATORS 

Offset Voltage, Buffer and First 

0V £ V RL0 = Vrhi £ 12V, 


3 

10 

mV 

Comparator 

< 

E 

II 

Q 

LU 

—1 





Offset Voltage, Buffer and Any Other Comparator 

0V ^ Vrlo = Vrhi ^ 12V, I|_ed = 1 nnA 


3 

15 

mV 

Gain (AI|_ed/ AVin) 

l(REF) = 2 mA, l|_ED = 10 m A 

3 

8 


mA/mV 

Input Bias Current (at Pin 5) 

ov<; V| N ^ (V+ -i.5V) 


25 

100 

nA 

Input Signal Overvoltage 

No Change in Display 

-35 


35 

V 

VOLTAGE DIVIDER 

Divider Resistance 

Total, Pin 6 to 4 


12 

17 

kH 

Relative Accuracy (Input Change 

(Note 2) 





Between Any Two Threshold Points) 

— 1 dB ^ V| N ^ 3 dB 

0.75 

1.0 

1.25 

dB 


— 7 dB ^ V| N ^ -1 dB 

1.5 

2.0 

2.5 

dB 


— 10 dB ^ V| N ^ — 7 dB 

2.5 

3.0 

2.5 

dB 

Absolute Accuracy 

(Note 2) 

Vim = 2,1,0, -1 dB 

-0.25 


+ 0.25 

dB 


V| N = -3, — 5 dB 

-0.5 


+ 0.5 

dB 


< 

z 

II 

1 

Jsl 

_l_ 

© 

1 

IV) 

o 

CL 

CD 

-1 


+ 1 

dB 

VOLTAGE REFERENCE 

Output Voltage 

0.1 mA^ Il(ref) ^ 4mA, 

V + = V LED = 5V 

1.2 

1.28 

1.34 

V 

Line Regulation 

3V^ V+ ^ 18V 


0.01 

0.03 

%/V 

Load Regulation 

0.1 mA <; Il(ref) ^ 4mA, 

V + = Vled = 5V 


0.4 

2 

% 

Output Voltage Change with Temperature 

0°C^Ta^ + 70°C,Il(r E F) = ^ 

V+ = V LED = 5V 


1 


% 

Adjust Pin Current 



75 

120 

jwA 

OUTPUT DRIVERS 

LED Current 

V+ = V LE D = 5V, Il(ref) = 1 mA 

7 

10 

13 

mA 

LED Current Difference (Between Largest 

Vled = 5V, i LE d = 2 mA 


0.12 

0.4 

mA 

and Smallest LED Currents) 

v led = 5 V, Iled * 20 mA 


1.2 

3 

mA 

LED Current Regulation 

2V ^ V led ^ 17V Iled = 2 mA 


0.1 

0.25 

mA 


Iled = 20 mA 


1 

3 

mA 

Dropout Voltage 

•led(on) - 20 mA @ Vled = 5 V, 

AIled = 2 mA 



1.5 

V 

Saturation Voltage 

Iled ~ 2.0 mA, Il(ref) = °- 4 mA 


0.15 

0.4 

V 

Output Leakage, Each Collector 

Bar Mode (Note 4) 


0.1 

100 

jllA 

Output Leakage 

Dot Mode (Note 4) 





Pins 10-18 






Pin 1 
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Electrical Characteristics (Note i) (continued) ?< 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

SUPPLY CURRENT , v 

Standby Supply Current 

V+ = +5V, I L (ref) = 0.2 mA 


2.4 

4.2 

mA 

(All Outputs Off) 

v+ = + 20V, I l(R ef) = 1.0 mA 


6.1 

9.2 

mA 


Note 1: Unless otherwise stated, all specifications apply with the following conditions: 

3 Vdc ^ V+ £ 20 Vqc -0.015V ^ Vrlo ^12 Vdc Ta = 25°C, Il(reF) = 0 2 mA . P' n 9 connected to pin 3 (bar mode). 

3 Vqc ^ v led ^ v+ Vref. Vrhi, Vrlo ^ (V+ - 1.5V) For higher power dissipations, pulse testing is used. 

-0.015V <; Vrri £ 12 V DC 0V <; V !N £ V+ - 1.5V 

Note 2: Accuracy is measured referred to +3 dB = +10.000 Vdc at pin 5, with + 10.000 Vdc at pin 6, and 0.000 Vdc at pin 4. At lower full-scale voltages, buffer 
and comparator offset voltage may add. significant error. See table for threshold voltages. 

Note 3: Pin 5 input current must be limited to ±3 mA. The addition of a 39k resistor in series with pin 5 allows ± 100V signals without damage. 

Note 4: Bar mode results when pin 9 is within 20 mV of V+. Dot mode results when pin 9 is pulled at least 200 mV below V+. LED #10 (pin 10 output current) is 
disabled if pin 9 is pulled 0.9V or more below Vled- 

Note 5: The maximum junction temperature of the LM3916 is 100°C. Devices must be derated for operation at elevated temperatures. Junction to ambient thermal 
resistance is 55°C/W for the molded DIP (N package). 


LM3916 Threshold Voltage (Note 2) 


dB 

Volts 

dB 

Volts 

Min 

Typ 

Max 

Min 

Typ 

Max 

3 

9.985 

10.000 

10.015 

-3 ± y 2 

4.732 

5.012 

5.309 

2 ±y 4 . 

8.660 

8.913 

9.173 

-5 ± y 2 

3.548 

3.981 

4.467 

i ± y 4 

7.718 

7.943 

8.175 

-7 ± 1 

2.818 

3.162 

3.548 

o ± y 4 

6.879 

7.079 

7.286 

-10 ±1 

1.995 

2.239 

2.512 

-i ± y 2 

5.957 

6.310 

6.683 

-20 ± 1 

0.631 

0.708 

0.794 
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Typical Performance Characteristics 

Supply Current vs 



TEMPERATURE (°C) 


Reference Adjust Pin 
Current vs Temperature 



-25 0 25 50 75 100 

TEMPERATURE (°C) 

Input Current Beyond 
Signal Range (Pin 5) 



-30 -20 -10 0 10 20 30 40 


Total Divider Resistance 



0 25 50 7 

TEMPERATURE CC) 


Operating Input Bias 
Current vs Temperature 


0 25 50 75 

TEMPERATURE (°C) 

LED Current-Regulation 
Dropout 



LED CURRENT (mA) 

LED Current vs 
Referenced Loading 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

REFERENCE LOAD CURRENT (mA) 


Common-Mode Limits 


_ -0.5 
> 

{2 - 1.0 


? - 2 0 






1 1 1 

REFERREO TO POSITIVE 1 


SUPP 

Y V0L1 

AGE 

— 











N 

l 

EGATIV 

IMITINI 

1 1 

ECOMM 

ELUDES 

ON-MOD 

GROUN 

IE 

0 


0 20 40 6 

TEMPERATURE <°C) 


Reference Voltage vs 
Temperature 


“ 1.29 

5 1.28 













* 

REFAD 

| 

JUSTED 

PS 

TO 10V 

[—J 


\ 1 


J 

FIEF AOj 

1 PIN GR 

1 I 

OUNOE 



0 

1 

□ 


□ 


Lj 


10.20 

10.10 

3 

10.00 S 


0 25 50 75 

TEMPERATURE TC) 

LED Driver Saturation 
Voltage 



LEO CURRENT (mA> 

LED Driver Current 
Regulation 



5 10 15 20 

LED SUPPLY VOLTAGE (V) 


TL/H/7971 -2 


Output Characteristics 



0.2 0.4 0.6 0.8 1.0 

OUTPUT VO LTAGE(V) 

TL/H/7971 -3 


m 
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LM3916 


Block Diagram (Showing Simplest Application) 
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Functional Description 

The simplified LM3916 block diagram is included to give the 
general idea of the circuit’s operation. A high input imped- 
ance buffer operates with signals from ground to 1 2 V, and is 
protected against reverse and overvoltage signals. The sig- 
nal is then applied to a series of 1 0 comparators; each of 
which is biased to a different comparison level by the resis- 
tor string. 

In the example illustrated, the resistor string is connected to 
the internal 1.25V reference voltage. As the input voltage 
varies from 0 to 1 .25, the comparator outputs are driven low 
one by one, switching on the LED indicators. The resistor 
divider can be connected between any 2 voltages, providing 
that they are at least 1 .5V below V+ and no lower than V~. 

INTERNAL VOLTAGE REFERENCE 

The reference is designed to be adjustable and develops a 
nominal 1.25V between the REF OUT (pin 7) and REF ADJ 
(pin 8) terminals. The reference voltage is impressed across 
program resistor R1 and, since the voltage is constant, a 
constant current l-j then flows through the output set resis- 
tor R2 giving an output voltage of: 

VoUT = V REF ^1 + “ j + IaDJ R2 



TL/H/7971-5 

Since the 120 juA current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V+ and load changes. 
For correct operation, reference load current should be be- 
tween 80 julA and 5 mA. Load capacitance should be less 
than 0.05 jaF. 

CURRENT PROGRAMMING 

A feature not completely illustrated by the block diagram is 
the LED brightness control. The current drawn out of the 
reference voltage pin (pin 7) determines LED current. Ap- 
proximately 10 times this current will be drawn through each 
lighted LED, and this current will be relatively constant de- 
spite supply voltage and temperature changes. Current 
drawn by the internal 10-resistor divider, as well as by the 
external current and voltage-setting divider should be in- 
cluded in calculating LED drive current. The ability to modu- 
late LED brightness with time, or in proportion to input volt- 
age and other signals can lead to a number of novel dis- 
plays or ways of indicating input overvoltages, alarms, etc. 
The LM3916 outputs are current-limited NPN transistors as 
shown below. An internal feedback loop regulates the tran- 
sistor drive. Output current is held at about 10 times the 
reference load current, independent of output voltage and 
processing variables, as long as the transistor is not saturat- 
ed. 


LM3916 Output Circuit 

PIN 1, PINS 10-18 



TL/H/7971-6 

Outputs may be run in saturation with no adverse effects, 
making it possible to directly drive logic. The effective satu- 
ration resistance of the output transistors, equal to Re plus 
the transistors’ collector resistance, is about 50fl. It’s also 
possible to drive LEDs from rectified AC with no filtering. To 
avoid oscillations, the LED supply should be bypassed with 
a 2.2 juF tantalum or 10 ju,F aluminum electrolytic capacitor. 

MODE PIN USE 

Pin 9, the Mode Select input, permits chaining of multiple 
devices, and controls bar or dot mode operation. The fol- 
lowing tabulation shows the basic ways of using this input. 
Other more complex uses will be illustrated in the applica- 
tions. 

Bar Graph Display: Wire Mode Select (pin 9) directly to pin 
3 (V+ pin). 

Dot Display, Single LM3916 Driver: Leave the Mode Se- 
lect pin open circuit. 

Dot Display, 20 or More LEDs: Connect pin 9 of the first 
drivers in the series (i.e., the one with the lowest input volt- 
age comparison points) to pin 1 of the next higher LM3916 
driver. Continue connecting pin 9 of lower input drivers to 
pin 1 of higher input drivers for 30 or more LED displays. 
The last LM391 6 driver in the chain will have pin 9 left open. 
All previous drivers should have a 20k resistor in parallel 
with LED #9 (pin 1 1 to V|_ed)- 

Mode Pin Functional Description 

This pin actually performs two functions. Refer to the simpli- 
fied block diagram below. 

Block Diagram of Mode Pin Function 


OUTPUT NO. 9 OUTPUT NO. 10 
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Mode Pin Functional Description (Continued) 

DOT OR BAR MODE SELECTION r 

The voltage at pin 9 is sensed by comparator Cl , nominally ^ 

referenced to (V + - 1 00 mV). The chip is in bar mode when c 

pin 9 is above this level; otherwise it’s in dot mode. The ■' 

comparator is designed so that pin 9 can be left open circuit \ 

for dot mode. 1 

Taking into account comparator gain and variation in the f 

100 mV reference level, pin 9 should be no more than 20 / 

mV below V + for bar mode and more than 200 mV below f 

V+ (or open circuit) for dot mode. In most applications, pin e 

9 is either open (dot mode) or tied to V+ (bar mode). In bar c 

mode, pin 9 should be connected directly to pin 3. Large c 

currents drawn from the power supply (LED current, for ex- r 

ample) should not share this path so that large IR drops are £ 

avoided. I 

DOT MODE CARRY j 

In order for display to make sense when multiple drivers are ^ 
cascaded in dot mode, special circuitry has been included c 

to shut off LED # 10 of the first device when LED # 1 of the ( 

second device comes on. The connection for cascading in 
dot mode has already been described and is depicted in * 
Figure 1 . ^ 

As long as the input signal voltage is below the threshold of c 
the second driver, LED #11 is off. Pin 9 of driver # 1 thus t 

sees effectively an open circuit so the chip is in dot mode. < 

As soon as the input voltage reaches the threshold of LED c 

#11, pin 9 of driver #1 is pulled an LED drop (1.5V or 


more) below V|_ed- This condition is sensed by comparator 
C2, referenced 600 mV below V|_ed- This forces the output 
of C2 low, which shuts off output transistor Q2, extinguish- 
ing LED #10. 

v led is sensed via the 20k resistor connected to pin 11. 
The very small current (less than 100 ju,A) that is diverted 
from LED #9 does not noticeably affect its intensity. 

An auxiliary current source at pin 1 keeps at least 100 jutA 
flowing through LED # 1 1 even if the input voltage rises high 
enough to extinguish the LED. This ensures that pin 9 of 
driver #1 is held low enough to force LED #10 off when 
any higher LED is illuminated. While 100 jxA does not nor- 
mally produce significant LED illumination, it may be notice- 
able when using high-efficiency LEDs in a dark environment. 
If this is bothersome, the simple cure is to shunt LED # 1 1 
(and LED #1) with a 10k resistor. The IV IR drop is more 
than the 900 mV worst case required to hold off LED #10 
yet small enough that LED # 1 1 does not conduct signifi- 
cantly. 

In some circuits a number of outputs on the higher device 
are not used. Examples include the high resolution VU me- 
ter and the expanded range VU meter circuits (see Typical 
Applications). To provide the proper carry sense voltage in 
dot mode, the LEDs of the higher driver 1C are tied to Vled 
through two series-connected diodes as shown in Figure 2. 
Shunting the diodes with a Ik resistor provides a path for 
driver leakage current. 
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FIGURE 1. Cascading LM3914/15/16 Series in Dot Mode 
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Mode Pin Functional 
Description (Continued) 

OTHER DEVICE CHARACTERISTICS 

The LM3915 is relatively low-powered itself, and since any 
number of LEDs can be powered from about 3V, it is a very 
efficient display driver. Typical standby supply current (all 
LEDs OFF) is 1.6 mA. However, any reference loading adds 
4 times that current drain to the V+ (pin 3) supply input. For 
example, an LM3915 with a 1 mA reference pin load (1.3k) 
would supply almost 10 mA to every LED while drawing only 
10 mA from its V+ pin supply. At full-scale, the 1C is typically 
drawing less than 10% of the current supplied to the dis- 
play. 

The display driver does not have built-in hysteresis so that 
the display does not jump instantly from one LED to the 
next. Under rapidly changing signal conditions, this cuts 
down high frequency noise and often an annoying flicker. 
An “overlap” is built in so that at no time are all segments 
completely off the dot mode. Generally one LED fades in 
while the other fades out over a 1 mV range. The change 
may be much more rapid between LED # 1 0 of one device 
and LED # 1 of a second device cascaded. 

Application Hints 

The most difficult problem occurs when large LED currents 
are being drawn, especially in bar graph mode. These cur- 
rents flowing out of the ground pin cause voltage drops in 
external wiring, and thus errors and oscillations. Bringing the 
return wires from signal sources, reference ground and bot- 
tom of the resistor string to a single point very near pin 2 is 
the best solution. 

Long wires from Vled to LED anode common can cause 
oscillations. The usual cure is bypassing the LED anodes 
with a 2.2 jllF tantalum or 10 juF aluminum electrolytic ca- 
pacitor. If the LEd anode line wiring is inaccessible, often a 
0.1 jliF capacitor from pin 1 to pin 2 will be sufficient. 

If there is a large amount of LED overlap in the bar mode, 
oscillation or excessive noise is usually the problem. In 
cases where proper wiring and bypassing fail to stop oscilla- 
tions, V + voltage at pin 3 is usually below suggested limits. 
When several LEDs are lit in dot mode, the problem is usu- 
ally an AC component of the input signal which should be 
filtered out. Expanded scale meter applications may have 
one or both ends of the internal voltage divider terminated 
at relatively high value resistors. These high-impedance 
ends should be bypassed to pin 2 with 0.1 jaF. 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all LEDs 
programmed to 20 mA the driver will dissipate over 600 mW. 
In this case a 7.5ft resistor in series with the LED supply will 
cut device heating in half. The negative end of the resistor 
should be bypassed with a 2.2 jaF solid tantalum or 10 fxF 
aluminum electrolytic capacitor to pin 2. 

TIPS ON RECTIFIER CIRCUITS 

The simplest way to display an AC signal using the LM3916 
is to apply it right to pin 5 unrectified. Since the LED illumi- 
nated represents the instantaneous value of the AC wave- 
form, one can readily discern both peak and average values 
of audio signals in this manner. The LM3916 will respond to 
positive half-cycles only but will not be damaged by signals 
up to ± 35V (or up to ±1 00V if a 39k resistor is in series 
with the input). A smear or bar type display results even 
though the LM3916 is connected for dot mode. The LEDs 


should be run at 20 mA to 30 mA for high enough average 
intensity. 

T rue average or peak detection requires rectification. If an 
LM3916 is set up with 10V full scale across its voltage divid- 
er, the turn-on point for the first LED is only 450 mV. A 
simple silicon diode rectifier won’t work well at the low end 
due to the 600 mV diode threshold. The half-wave peak 
detector in Figure 3 uses a PNP emitter-follower in front of 
the diode. Now, the transistor’s base-emitter voltage can- 
cels out the diode offset, within about 100 mV. This ap- 
proach is usually satisfactory when a single LM3916 is used 
for a 23 dB display. 

Display circuits such as the extended range VU meter using 
two or more drivers for a dynamic range of 40 dB or greater 
require more accurate detection. In the precision half-wave 
rectifier of Figure 4 the effective diode offset is reduced by a 
factor equal to the open-loop gain of the op amp. Filter ca- 
pacitor C2 charges through R3 and discharges through R2 
and R3, so that appropriate selection of these values results 
in either a peak or an average detector. The circuit has a 
gain equal to R2/R1. 

It’s best to capacitively couple the input. Audio sources fre- 
quently have a small DC offset that can cause significant 
error at the low end of the log display. Op amps that slew 
quickly, such as the LF351, LF353 or LF356, are needed to 
faithfully respond to sudden transients. It may be necessary 
to trim out the op amp DC offset voltage to accurately cover 
a 60 dB range. Best results are obtained if the circuit is 
adjusted for the correct output when a low-level AC signal 
(10 to 20 mV) is applied, rather than adjusting for zero out- 
put with zero input. 


V + (5V TO 25V) 



R3 

Ik 



R1 = R2 for A v = 1 
R1 = R2/10 for Ay = 10 


Cl = 10/R1 
TL/H/7971-11 


FIGURE 4. Precision Half-Wave Rectifier 
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Application Hints (Continued) 

For precision full-wave averaging use the circuit in Figure 5. 
Using 1 % resistors for R1 through R4, gain for positive and 
negative signal differs by only 0.5 dB worst case. Substitut- 
ing 5% resistors increases this to 2 dB worst case. (A 2 dB 
gain difference means that the display may have a ±1 dB 
error when the input is a nonsymmetrical transient). The 
averaging time constant is R5«C2. A simple modification 
results in the precision full-wave detector of Figure 6. Since 
the filter capacitor is not buffered, this circuit can drive only 
high impedance loads such as the input of an LM3916. 

AUDIO METER STANDARDS 
VU Meter 

The audio level meter most frequently encountered is the 
VU meter. Its characteristics are defined as the ANSI speci- 


fication Cl 65. The LM3916’s outputs correspond to the me- 
ter indications specified with the omission of the -2 VU 
indication. The VU scale divisions differ slightly from a linear 
scale in order to obtain whole numbers in dB. 

Some of the most important specifications for an AC meter 
are its dynamic characteristics. These define how the meter 
responds to transients and how fast the reading decays. 
The VU meter is a relatively slow full-wave averaging type, 
specified to reach 99% deflection in 300 ms and overshoot 
by 1 to 1.5%. In engineering terms this means a slightly 
underdamped second order response with a resonant fre- 
quency of 2.1 Hz and a Q of 0.62. Figure 7 depicts a simple 
rectifier/filter circuit that meets these criteria. 


C2 



FIGURE 5. Precision Full-Wave Average Detector 


R6 



Cl 

0.047 iiF R3 



GAIN 

R5 

R6 

C2 

C3 

1 

100k 

43k 

2.0 

0.56 juF 

10 

1M 

100k 

1.0 

0.056 jaF 


Design Equations 


_i_ /j_ j_ 
C2 \R3 + R4 


i4 + fi) = ^ = 21 ' 5s 


1 


R3 - 2R4 
R1 = R2 < R4 


A1, A2: % LF353 
D1, D2: 1N914 OR 1N4148 
"Reaches 99% level at 300 ms after applied 
tone burst and overshoots 1.2%. 


FIGURE 7. Full-Wave Average Detector to VU Meter Specifications* 
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Application Hints (Continued) 

Peak Program Meter 

The VU meter, originally intended for signals sent via tele- 
phone lines, has shortcomings when used in high fidelity 
systems. Due to its slow response time, a VU meter will not 
accurately display transients that can saturate a magnetic 
tape or drive an amplifier into clipping. The fast-attack peak 
program meter (PPM) which does not have this problem is 
becoming increasingly popular. 

While several European organizations have specifications 
for peak program meters, the German DIN specification 
45406 is becoming a de facto standard. Rather than re- 
spond instantaneously to peak, however, PPM specifica- 
tions require a finite “integration time” so that only peaks 
wide enough to be audible are displayed. DIN 45406 calls 
for a response of 1 dB down from steady-state for a 1 0 ms 
tone burst and 4 dB down for a 3 ms tone burst. These 
requirements are consistent with the other frequently en- 
countered spec of 2 dB down for a 5 ms burst and are met 
by an attack time constant of 1 .7 ms. 

The specified return time of 1.5s to -20 dB requires a 650 
ms decay time constant. The full-wave peak detector of 
FIGURE 6 satisfies both the attack and decay time criteria. 

Cascading The LM3916 

The LM3916 by itself covers the 23 dB range of the conven- 
tional VU meter. To display signals of 40 dB or 70 dB dy- 


namic range, the LM3916 may be cascaded with the 3 dB/ 
step LM3915s. Alternatively, two LM3916s may be cascad- 
ed for increased resolution over a 28 dB range. Refer to the 
Extended Range VU Meter and High Resolution VU Meter in 
the Typical Applications section for the complete circuits for 
both dot and bar mode displays. 

To obtain a display that makes sense when an LM3915 and 
an LM3916 are cascaded, the -20 dB output from the 
LM3916 is dropped. The full-scale display for the LM3915 is 
set at 3 dB below the LM3916’s - 10 dB output and the rest 
of the thresholds continue the 3 dB/step spacing. A simple, 
low cost approach is to set the reference voltage of the two 
chips 16 dB apart as in Figure 5. The LM3915, with pin 8 
grounded, runs at 1.25V full-scale. R1 and R2 set the 
LM3916’s reference 16 dB higher or 7.89V. Variation in the 
two on-chip references and resistor tolerance may cause a 
± 1 dB error in the -10 dB to -13 dB transition. If this is 
objectionable, R2 can be trimmed. 

The drawback of the aforementioned approach is that the 
threshold of LED #1 on the LM3915 is only 56 mV. Since 
comparator offset voltage may be as high as 1 0 mV, large 
errors can occur at the first few thresholds. A better ap- 
proach, as shown in Figure 9, is to keep the reference the 
same for both drivers (10V in the example) and amplify the 
input signal by 16 dB ahead of the LM3915. Alternatively, 


-37 -34 -31 -28 -25 -22 -19 -16 -13 -10 -7 -5 -3 -1 0 +1 +2 +3dB 



-37 -34 -31 -28 -25 -22 -19 -16 -13 


-10 -7 -5 -3 -1 0 +1 +2 +3 dB 



FIGURE 9. Improved Circuit for 40 dB Display 


TL/H/7971 -16 
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Application Hints (Continued) 

instead Of amplifying, input signals of sufficient amplitude 
can be fed directly to the LM3916 and attenuated by 16 dB 
to drive the LM39 15. 

To extend this approach to get a 70 dB display, another 
30 dB of amplification must be placed in the signal path 
ahead of the lowest LM3915. Extreme care is required as 
the lowest LM3915 displays input signals down to 2 mV! 
Several offset nulls may be required. High currents should 
not share the same path as the low level signal. Also power 
line wiring should be kept away from signal lines. 

TIPS ON REFERENCE VOLTAGE AND LED CURRENT 
PROGRAMMING 

Single Driver 

The equations in Figure 10 illustrate how to choose resistor 
values to set reference voltage for the simple case where 
no LED intensity adjustment is required. A LED current of 
10 mA to 20 mA generally produces adequate illumination. 
Having 10V full-scale across the internal voltage divider 
gives best accuracy by keeping signal level high relative to 
the offset voltage of the internal comparators. However, this 


causes 1 mA to flow from pin 7 into the divider which means 
that the LED current will be at least 10 mA. R1 will typically 
be between 1 kn and 5 kft. To trim the reference voltage, 
vary R2. 

The current in Figure 11 shows how to add a LED intensity 
control which can vary LED current from 5 mA to 28 mA. 
Choosing Vref = 5V lowers the current drawn by the lad- 
der, increasing the intensity adjustment range. The refer- 
ence adjustment has some effect on LED intensity but the 
reverse is not true. 

Multiple Drivers 

Figure 12 shows how to obtain a common reference trim 
and intensity control for two drivers. The two ICs may be 
connected in cascade or may be handling separate chan- 
nels for stereo. This technique can be extended for larger 
numbers of drivers by varying the values of R1 , R2 and R3. 
Because the LM3915 has a greater ladder resistance, R5 
was picked less than R7 in such a way as to provide equal 
reference load currents. The ICs’ internal references track 
within 1 00 mV so that worst case error from chip to chip is 
only 0.2 dB for Vref = 5V. 


In 1 16 1 15 1 14 1 13 |12 |11 |10 


|18 1 17 1 16 1 15 


| l 3 | 12 111 |10 
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FIGURE 10. Design Equations for Fixed LED Intensity 


FIGURE 11. Varying LED Intensity 
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FIGURE 12. Independent Adjustment of Reference Voltage and LED Intensity for Multiple Drivers 
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Application Hints (Continued) 

The scheme in Figure 13 is useful when the reference and 
LED intensity must be adjusted independently over a wide 
range. The Rm voltage can be adjusted from 1.2V to 10V 
with no effect on LED current. Since the internal divider here 
does not load down the reference, minimum LED current is 
much lower. At the minimum recommended reference load 
of 80 jliA, LED current is about 0.8 mA. The resistor values 
shown give a LED current range from 1.5 mA to 25 mA. 

At the low end of the intensity adjustment, the voltage drop 
across the 510 fl current-sharing resistors is so small that 
chip to chip variation in reference voltage may yield a visible 
variation in LED intensity. The optional approach shown of 


connecting the bottom end of the intensity control pot to a 
negative supply overcomes this problem by allowing a larger 
voltage drop across the (larger) current-sharing resistors. 

Other Applications 

For increased resolution, it’s possible to obtain a display 
with a smooth transition between LEDs. This is accom- 
plished by superimposing an AC waveform on top of the 
input level as shown in Figure 14. The signal can be a trian- 
gle, sawtooth or sine wave from 60 Hz to 1 kHz. The display 
can be run in either dot or bar mode. 



FIGURE 13. Wide-Range Adjustment of Reference Voltage and LED intensity for Multiple Drivers 



TL/H/7971 -21 
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Extended Range VU Meter (Bar Mode) 


1N4001 



This application shows that the LED supply re- 
quires minimal filtering. 

*See Application Hints for optional Peak or Aver- 
age Detector. 

t Adjust R3 for 3 dB difference between LED #11 
and LED #12 



TL/H/7971-22 


Typical Applications (Continued) 
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Extended Range VU Meter (Dot Mode) 
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Typical Applications (Continued) 


Driving Vacuum Fluorescent Display 


v + 

12V TO 15V 



TL/H/7971 -24 


Indicator and Alarm, Full-Scale Changes Display From Dot to Bar 



TL/H/7971 -25 
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Typical Applications (Continued) 
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Typical Applications (Continued) 


Low Current Bar Mode Display 



with ten LEDs illuminated @ 1 6 mA. TL/H/7971 -30 


Driving Liquid Crystal Display 


LIQUID CRYSTAL BAR 6RAPH 



TL/H/7971 -31 


Bar Display with Alarm Flasher 



any higher input signal. 
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Connection Diagram 


Dual-ln-Line Package 

LED NO. 1 
V~ 

V + 

DIVIDER 
(LOW END) 

SIGNAL INPUT 

DIVIDER 
(HIGH END) 

REFERENCE OUTPUT 
REFERENCE ADJUST 
MODE SELECT 

Top View 



Order Number LM3916N 
See NS Package Number N18A 
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Definition of Terms 

Absolute Accuracy: The difference between the observed 
threshold voltage and the ideal threshold voltage for each 
comparator. Specified and tested with 10V across the inter- 
nal voltage divider so that resistor ratio matching error pre- 
dominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
amplifier pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output current 
(I led) to toe change in input voltage (Vin) required to pro- 
duce it for a comparator in the linear region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current fall by 
10 %. 

Input Bias Current: Current flowing out of the signal input 
when the input buffer is in the linear region. 

LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (Vled) as 
measured at the current source outputs. As the forward volt- 
age of an LED does not change significantly with a small 


change in forward current, this is equivalent to changing the 
voltage at the LED anodes by the same amount. 

Line Regulation: The average change in reference output 
voltage (Vref) over the specified range of supply voltage 
(V+). 

Load Regulation: The change in reference output voltage 
over the specified range of load current (Il(REF))- 
Offset Voltage: The differential input voltage which must 
be applied to each comparator to bias the output in the 
linear region. Most significant error when the voltage across 
the internal voltage divider is small. Specified and tested 
with pin 6 voltage (Vrhi) equal to pin 4 voltage (Vrlo)- 
Relative Accuracy: The difference between any two adja- 
cent threshold points. Specified and tested with 10V across 
the internal voltage divider so that resistor ratio matching 
error predominates over comparator offset voltage. 



4-77 


LM3916 



MM5450/MM5451 


National Semiconductor 


MM5450/MM5451 LED Display Drivers 


General Description 

The MM5450 and MM5451 are monolithic MOS integrated 
circuits utilizing N-channel metal-gate low threshold, en- 
hancement mode, and ion-implanted depletion mode devic- 
es. They are available in 40-pin molded or cavity dual-in-line 
packages. The MM5450/MM5451 is designed to drive com- 
mon anode-separate cathode LED displays. A single pin 
controls the LED display brightness by setting a reference 
current through a variable resistor connected to Vqd- 

Applications 

■ COPS™ or microprocessor displays 

■ Industrial control indicator 

■ Relay driver 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 


Features 

■ Continuous brightness control 

■ Serial data input 

■ No load signal required 

■ Enable (on MM5450) 

■ Wide power supply operation 

■ TTL compatibility 

■ 34 or 35 outputs, 1 5 mA sink capability 

■ Alphanumeric capability 


*JA DIP 


Board = 49°C/W 
Socket = 54°C/W 


Block Diagram 


V DD OUTPUT 34 OUTPUT 1 


BRIGHTNESS I 
CONTROL 


DATATNABTE 

OUTPUT 35 (MM5451) 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Voltage at Any Pin 


V S s - 0.3V to V S s + 12V 


Operating Temperature 

Storage Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 sec.) 


— 25°C to +85°C 
— 65°C to + 1 50°C 
+ 1 50°C 
300°C 


Power Dissipation at + 25°C 

Molded DIP Package, Board Mount 2.5W* 

Molded DIP Package, Socket Mount 2.3W** 

'Molded DIP Package board mount, 0ja = 49°C/W, 
Derate 20.4 mW/°C above 25°C. 

"Molded DIP Package, socket mount, 0ja = 54°C/W, 
Derate 18.5 mW/°C above 25°C. 


Electrical Characteristics Ta within operating range, Vqd = 4.75Vto11.0V,Vss = 0V unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Power Supply 


4.75 


11 

V 

Power Supply Current 

Excluding Output Loads 



7 

mA 

Input Voltages 






Logical “0” Level (VO 

±10 \iA Input Bias 

-0.3 


0.8 

V 

Logical “1” Level (Vh) 

4.75V <; V DD <: 5.25V 

2.2 


Vdd 

V 


V DD > 5.25 V 

Vdd - 2V 


Vdd 

V 

Brightness Input (Note 2) 


0 


0.75 

mA 

Output Sink Current 






Segment OFF 

Vout = 3.0V 




\iA 

Segment ON 

Vout —IV (Note 3) 






Brightness Input = 0 /xA 

0 

| 

1 

fiA 


Brightness Input = 100 /xA 

2.0 



mA 


Brightness Input = 750 /xA 

15 

1 1 1 Hill 


mA 

Brightness Input Voltage (Pin 19) 

Input Current 750 jxA 

3.0 

i 1 

4.3 

V 

Output Matching (Note 1) 

| 



±20 

% 

Clock Input 

(Notes 5 and 6) 

■ 




Frequency, fc 





kHz 

High Time, th 





ns 

Low Time, t| 





ns 

Data Input 


■ 




Set-Up Time, tps 


■ 




Hold Time, tpH 


| 




Data Enable Input 






Set-Up Time, tpES 


100 



ns 


Note 1: Output matching is calculated as the percent variation (I^ax + •min)/ 2 - 

Note 2: With a fixed resistor on the brightness input pin, some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are complied with. 

Note 3: See Figures 5, 6, and 7 for Recommended Operating Conditions and limits. Absolute maximum for each output should be limited to 40 mA. 

Note 4: The Vout voltage should be regulated by the user. See Figures 6 and 7 for allowable Vqut vs Iout operation. 

Note 5: AC input waveform specification for test purpose: t r ^ 20 ns, tf ^ 20 ns, f = 500 kHz, 50% ±10% duty cycle. 

Note 6: Clock input rise and fall times must not exceed 300 ns. 

Connection Diagrams 


Dual-ln-Line Package 


Dual-ln-Line Package 



- OUTPUT BIT IB 

- OUTPUT BIT 19 

- OUTPUT BIT 20 

- OUTPUT BIT 21 

- OUTPUT BIT 22 

- OUTPUT BIT 23 

- OUTPUT BIT 24 

- OUTPUT BIT 2S 

- OUTPUT BIT 26 

- OUTPUT BIT 27 

- OUTPUT BIT 28 

- OUTPUT BIT 29 

- OUTPUT BIT 30 

- OUTPUT BIT 31 

- OUTPUT BIT 32 

- OUTPUT BIT 33 

- OUTPUT BIT 34 


- DATA IN 

- CLOCK IN 



- OUTPUT BIT 18 

- OUTPUT BIT 19 

- OUTPUT BIT 20 

- OUTPUT BIT 21 

- OUTPUT BIT 22 

- OUTPUT BIT 23 
-OUTPUT BIT 24 

- OUTPUT BIT 25 

- OUTPUT BIT 26 

- OUTPUT BIT 27 

- OUTPUT BIT 2B 

- OUTPUT BIT 29 

- OUTPUT BIT 30 

- OUTPUT BIT 31 

- OUTPUT BIT 32 

- OUTPUT BIT 33 

- OUTPUT BIT 34 

- OUTPUT BIT 35 

- DATA IN 

- CLOCK IN 

TL/F/6136-3 


Order Number MM5450N, MM5451N, MM5450V or MM5451V 
See NS Package Number N40A or V44A 
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Functional Description 

Both the MM5450 and the MM5451 are specifically de- 
signed to operate 4- or 5-digit alphanumeric displays with 
minimal interface with the display and the data source. Seri- 
al data transfer from the data source to the display driver is 
accomplished with 2 signals, serial data and clock. Using a 
format of a leading “1” followed by the 35 data bits allows 
data transfer without an additional load signal. The 35 data 
bits are latched after the 36th bit is complete, thus providing 
non-multiplexed, direct drive to the display. Outputs change 
only if the serial data bits differ from the previous time. Dis- 
play brightness is determined by control of the output cur- 
rent for LED displays. A 0.001 capacitor should be connect- 
ed to brightness control, pin 1 9, to prevent possible oscilla- 
tions. 

A block diagram is shown in Figure 1. For the MM5450 a 
DATA ENABLE is used instead of the 35th output. The 
DATA ENABLE input is a metal option for the MM5450. The 
output current is typically 20 times greater than the current 
into pin 19, which is set by an external variable resistor. 
There is an internal limiting resistor of 400ft nominal value. 
Figure 4 shows the input data format. A start bit of logical 
“1” precedes the 35 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 35 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are static master-slave configura- 
tion. There is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 


There must be a complete set of 36 clocks or the shift regis- 
ters will not clear. 

When the chip first powers ON an internal power ON reset 
signal is generated which resets all registers and all latches. 
The START bit and the first clock return the chip to its nor- 
mal operation. 

Figure 2 shows the pin-out of the MM5450 and MM5451 . Bit 
1 is the first bit following the start bit and it will appear on pin 
18. A logical “1” at the input will turn on the appropriate 
LED. 

Figu re 3 shows the t iming relationships between data, clock 
and DATA ENABLE. A max clock frequency of 0.5 MHz is 
assumed. 

For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than IV Vout- The following 
equation can be used for calculations. 

T j = ( v out) Oled) (No. of segments) (0ja) + Ta 
where: 

Tj = junction temperature, 150°C max 
v out = ^e voltage at the LED driver outputs 
■led = the LED current 
0ja = thermal coefficient of the package 
Ta = ambient temperature 
0 JA (Socket Mount) = 54°C/W 
0 JA (Board Mount) = 49°C/W 
The above equation was used to plot Figure 5, Figure 6 and 
Figure 7. 
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MM5452/MM5453 




National Semiconductor 


MM5452/MM5453 Liquid Crystal Display Drivers 


General Description 

The MM5452 is a monolithic integrated circuit utilizing 
CMOS metal gate, low threshold enhancement mode devic- 
es. It is available in a 40-pin molded package. The chip can 
drive up to 32 segments of LCD and can be paralleled to 
increase this number. The chip is capable of driving a 4 y 2 - 
digit 7-segment display with minimal interface between the 
display and the data source. 

The MM5452 stores display data in latches after it is 
clocked in, and holds the data until new display data is re- 
ceived. 

Features 

■ Serial data input 


■ DATA ENABLE (MM5452) 

■ Wide power supply operation 

■ TTL compatibility 

■ 32 or 33 outputs 

■ Alphanumeric and bar graph capability 

■ Cascaded operation capability 

Applications 

■ COPStm or microprocessor displays 

■ Industrial control indicator 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 

■ Remote displays 


■ No load signal required 


Block Diagram 



TL/F/6137-1 

FIGURE 1 


4-84 






Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Voltage at Any Pin Vss to Vss + 1 0V 

Operating Temperature 0°C to + 70°C 


Storage Temperature 
Power Dissipation 

Junction Temperature 

Lead Temperature (Soldering, 10 sec.) 


— 65°Cto + 150°C 
300 mW at + 70°C 
350 mW at + 25°C 
+ 1 50°C 
300°C 


Electrical Characteristics 

T a within operating range, Vdd = 3.0V to 10V, Vss = 0 V, unless otherwise specified 


Parameter 


Power Supply 
Power Supply Current 


Conditions 


Excluding Outputs 

OSC = V S s, BP IN @ 32 Hz 

Vdd = 5V, Open Outputs, No Clock 


Clock Frequency 


Input Voltages 
Logical ‘0’ Level 

Logical ‘1’ Level 


Output Current Levels 
Segments 
Sink 
Source 
Backplane 
Sink 
Source 


Output Offset Voltage 


Clock Input Frequency, fc 


High Time, th 


Low Time, t| 


Data Input 
Set-Up Time, tps 
Hold Time, tpH 

Data Enable Input 
Set-Up Time, tpES 

Note 1: This parameter is guaranteed (not 100% production tested) over operating temperature and supply voltage ranges. Not to be used in Q.A. 1 
Note 2: AC input waveform for test purpose: t, £ 20 ns, tf ^ 20 ns, f = 500 kHz, 50% ±10% duty cycle. 

Note 3: Clock input rise and fail times must not exceed 300 ns. 


V DD < 4.75 
V DD ;> 4.75 
V DD > 5.25 
Vdd ^ 5.25 


Vdd = 3V, Vout = 0.3V 
V DD = 3V,v 0U t = v DD -0.3V 

v dd = 3V, Vqut = 0.3V 
Vdd = 3V, Vout = Vpp - Q3V 
Segment Load 250 pF 
Backplane Load 8750 pF (Note 1) 

(Notes 2 and 3) 


Min 

Typ 

Max 

Units 

3 


10 

V 



40 

fx A 



10 

jjlA 



500 

kHz 

-0.3 


0.1 Vdd 

V 

-0.3 


0.8 

V 

0.8 v DD 


Vdd 

V 

2.0 


Vdd 

V 



-20 

jutA 

20 



jaA 



-320 

jmA 

320 



jutA 



±50 

mV 



500 

kHz 

950 



ns 
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Connection Diagrams 

Dual-ln-Line Package 


Dual-In-Line Package 


Vss 

OUTPUT BIT 1? 
OUTPUT BIT 16 
OUTPUT BIT IS 
OUTPUT BIT 14 
OUTPUT BIT 13 
OUTPUT BIT 12 
OUTPUT BIT 11 
OUTPUT BIT 10 
OUTPUT BITS 
OUTPUT BITS 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BIT S 
OUTPUT BIT 4 
OUTPUT BIT 3 
OUTPUT BIT 2 
OUTPUT BIT 1 
OSCIN 



OUTPUT BIT 18 
OUTPUT BIT 19 
OUTPUT BIT 20 
OUTPUT BIT 21 
OUTPUT BIT 22 
OUTPUT BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 
OUTPUT BIT 27 
OUTPUT BIT 2B 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 
DATATNMLE 
BACKPLANE IN 
BACKPLANE OUT 
DATA IN 
CLOCK IN 

TL/F/6137-2 


OUTPUT BIT 17 
OUTPUT BIT 16 
OUTPUT BIT 15 
OUTPUT BIT 14 
OU1 *UT BIT 13 
OUTPUT BIT 12 
OUTPUT BIT 11 
OUTPUT BIT 10 
OUTPUT BIT 9 
OUTPUT BIT 8 
OUTPUT BIT 7 
OUTPUT BIT 6 
OUTPUT BIT 5 
OUTPUT BIT 4 
OUTPUT BIT 3 
OUTPUT BIT 2 
OUTPUT BIT 1 
OSCIN 
VOO 



Top View 
FIGURE 2a 


OUTPUf BIT 18 
OUTPUT BIT 19 
OUTPUT BIT 20 
OUTPUT BIT 21 
OUTPUT BIT 22 
OUTPUf BIT 23 
OUTPUT BIT 24 
OUTPUT BIT 25 
OUTPUT BIT 26 
OUTPUT BIT 27 
OUTPUT BIT 28 
OUTPUT BIT 29 
OUTPUT BIT 30 
OUTPUT BIT 31 
OUTPUT BIT 32 
OUTPUT BIT 33 
BACKPLANE IN 
BACKPLANE OUT 
DATA IN 
CLOCK IN 

TL/F/6137-3 


Top View 
FIGURE 2b 


Plastic Chip Carrier 


^ IO «) N 
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5 5 5 5 


Plastic Chip Carrier 


*+ m <o r> 
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CD CD CQ QQ 

5555 


OQ CD CD CD 
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OUTPUT BIT 13* 
OUTPUT BIT 12« 
OUTPUT BIT 11 ■ 
OUTPUT BIT 10- 
OUTPUT BIT 9 • 
OUTPUT BIT 8* 
OUTPUT BIT 7 « 
OUTPUT BIT 6- 
OUTPUT BIT 5* 
OUPUT BIT 4* 
OUPUT BIT 3 * 
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- OUPUT BIT 24 

OUPUT BIT 12- 
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- OUPUT BIT 24 
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- OUPUT BIT 25 

OUPUT BIT 11 - 
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- OUPUT BIT 25 

10 









36 

- OUPUT BIT 26 
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- OUPUT BIT 26 
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- OUPUT BIT 27 

OUPUT BIT 9 - 
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35 

- OUTPUT BIT 27 
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- OUPUT BIT 28 

OUPUT BIT 8 — 
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MM5453V 
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-OUPUT BIT 28 

13 
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- OUTPUT BIT 29 

OUPUT BIT 7 — 
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- OUPUT BIT 29 
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OUPUT BIT 6- 
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- OUTPUT BIT 30 
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Top View 
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Order Number MM5452N, MM5453N, 
MM5452V or MM5453V 
See NS Package Number N40A or V44A 


Top View 


Functional Description 

The MM5452 is specifically designed to operate 4 y 2 -digit 7- 
segment displays with minimal interface with the display and 
the data source. Serial data transfer from the data source to 
the display driver is accomplished with 2 signals, serial data 
and clock. Since the MM5452 does not contain a character 
generator, the formatting of the segment information must 
be done prior to inputting the data to the MM5452. Using a 
format of a leading “1” followed by the 32 data bits allows 
data transfer without an additional load signal. The 32 data 


bits are latched after the 36th clock is complete, thus pro- 
viding non-multiplexed, direct drive to the display. Outputs 
change only if the serial data bits differ from the previous 
time. 

A block diagram is shown in Figure 1. For the MM5452 a 
DATA ENABLE is used instead of the 33rd output. If the 
DATA ENABLE signal is not required, the 33rd output can 
be brought out. This is the MM5453 device. 


4-86 



Functional Description (Continued) 

Figure 4 shows the input data format. A start bit of logical 
“1” precedes the 32 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 32 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are static master-slave configura- 
tion. There is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 


If the clock is not continuous, there must be a complete set 
of 36 clocks otherwise the shift registers will not clear. 
Figure 2a shows the pin-out of the MM5452. Bit 1 is the first 
bit following the start bit and it will appear on pin 18. 

Figure 3 shows the timing relationships between data, clock 
and DATA ENABLE. 





START BIT 1 BIT 35 BIT 36 



LOAD 

(INTERNAL) 



RESET 

(INTERNAL) 



TL/F/6137-5 


FIGURE 4. Input Data Format 
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Functional Description (continued) 

Figure 5 shows a typical application. Note how the input 
data maps to the output pins and the display. The MM5452 
and MM5453 do not have format restrictions, as all outputs 




are controllable. This application assumes a specific display 
pinout. Different display/driver connection patterns will, of 
course, yield a different input data format. 
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Consult LCD manufacturer’s data sheet for specific pinouts. 

FIGURE 5. Typical 4y 2 -Digit Display Application 
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Functional Description (Continued) 


DISPLAY 



TL/F/6137-7 

“The minimum recommended value for R for the oscillator input is 9 kft. An RC time constant of approximately 
4.91 x 10 -4 should produce a backplane frequency between 30 Hz and 150 Hz. 

FIGURE 6. Parallel Backplane Outputs 


DISPLAY 


2 X BACKPLANE 
DRIVE FREQUENCY 



FIGURE 7. External Backplane Clock 


TL/F/6137-8 


Figure 8 shows a four wire remote display that takes advan- 
tage of the device’s serial input to move many bits of display 
information on a few wires. 

USING AN EXTERNAL CLOCK 

The MM5452/MM5453 LCD Drivers can be used with an 
externally supplied clock, provided it has a duty cycle of 
50%. Deviations from a 50% duty cycle result in an offset 
voltage on the LCD. In Figure 7, a flip-flop is used to assure 
a 50% duty cycle. The oscillator input is grounded to pre- 
vent oscillation and reduce current consumptions in the 
chips. The oscillator is not used. 

Using an external clock allows synchronizing the display 
drive with AC power, internal clocks, or DVM integration 
time to reduce interference from the display. 


Figure 9 is a general block diagram that shows how the 
device’s serial input can be used to advantage in an analog 
display. The analog voltage input is compared with a stair- 
case voltage generated by a counter and a digital-to-analog 
converter or resistor array. The result of this comparison is 
clocked into the MM 5452, MM5453. The next clock pulse 
increments the staircase and clocks the new data in. 

With a buffer amplifier, the same staircase waveform can be 
used for many displays. The digital-to-analog converter 
need not be linear; logarithmic or other non-linear functions 
can be displayed by using weighted resistors or special 
DACs. This system can be used for status indicators, spec- 
trum analyzers, audio level and power meters, tuning indica- 
tors, and other applications. 
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Functional Description (Continued) 


OISPLAV 



TL/F/6137-9 

FIGURE 8. Four Wire Remote Display 


LCD BAR GRAPH DISPLAY 



Data is high until staircase > input 

FIGURE 9. Analog Display 


TL/F/6137-10 
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General Description 

The MM5480 is a monolithic MOS integrated circuit utilizing 
N-channel metal gate low threshold, enhancement mode 
and ion-implanted depletion mode devices. It utilizes the 
MM5451 die packaged in a 28-pin package making it ideal 
for a 3% digit display. The MM5480 is designed to drive 
common anode-separate cathode LED displays. A single 
pin controls the LED display brightness by setting a refer- 
ence current through a variable resistor connected either to 
Vdd o f to a separate supply of 1 1V maximum. 

Features 

■ Continuous brightness control 

■ Serial data input 


■ No load signal required 

■ Wide power supply operation 

■ TTL compatibility 

■ Alphanumeric capability 

■ 3% digit displays 

Applications 

■ COPStm microcontrollers or microprocessor displays 

■ Industrial control indicator 

■ Relay driver 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Voltage at Any Pin Vss ~ 0.3V to Vss + 1 2V 

Storage T emperature - 65°C to + 1 50°C 


Power Dissipation at 25°C # 

Molded DIP Package, Board Mount 2.4W* 

Molded DIP Package, Socket Mount 2.1W** 

Junction Temperature 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

’Molded DIP Package, Board Mount, 0j A = 52°C/W, Derate 19.2 mW/°C 
above 25°C. 

’’Molded DIP Package, Socket Mount, 0 JA = 58°C/W, Derate 17.2 mW/°C 
above 25°C. 


Electrical Characteristics 

Ta = — 25°C to + 85°C, Vpp = 4.75V to 11.0V, Vss = 0V unless otherwise specified 

Symbol Parameter Conditions M 



Power Supply 
Power Supply Current 

Input Voltage 
Logical “0” Level 

Input Voltage 
Logical “1” Level 


Brightness Input Current 
(Note 2) 

Output Sink Current (Note 3) 
Segment OFF 


Output Sink Current (Note 3) 
Segment ON 


Brightness Input Voltage 
(Pin 13) 


Output Matching (Note 1) 


Conditions 

Excluding Output Loads 
±10 jliA Input Bias 


4.75V <; V DD £ 5.25V 


V DD > 5.25V 



v OUT = IV 

Brightness Input = 0 jaA 
Brightness Input = 100 juA 
Brightness Input = 750 jut A 

Input Current = 750 juA 


AC Electrical Characteristics t a = -25-cto +85=c, v DD 


Symbol 


fc 


Conditions 



Clock Input Frequency 


High Time 



Data Input Set-Up Time 


Data Input Hold Time 


Note 1: Output matching is calculated as the percent variation from (Imax + •min) /2 - 

Note 2: With a fixed resistor on the brightness input pin some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are complied with. 

Note 3: Absolute maximum for each output should be limited to 40 mA. 

Note 4: The Vout voltage should be regulated by the user. 

Note 5: AC input waveform specification for test purpose: t r <: 20 ns, tf £ 20 ns, f = 500 kHz, 50% ±10% duty cycle. 

Note 6: Clock input rise and fall times must not exceed 300 ns. 
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Functional Description 

The MM5480 is specifically designed to operate 3y 2 -digit 
alphanumeric displays with minimal interface with the dis- 
play and the data source. Serial data transfer from the data 
source to the display driver is accomplished with 2 signals, 
serial data and clock. Using a format of a leading “1” fol- 
lowed by the 35 data bits allows data transfer without an 
additional load signal. The 35 data bits are latched after the 
36th bit is complete, thus providing non-multiplexed, direct 
drive to the display. Outputs change only if the serial data 
bits differ from the previous time. Display brightness is de- 
termined by control of the output current for LED displays. A 
0.001 ju,F ceramic or mica disc capacitor should be connect- 
ed to brightness control, pin 13, to prevent possible oscilla- 
tions. 

A block diagram is shown in Figure 1. The output current is 
typically 20 times greater than the current into pin 1 3, which 
is set by an external variable resistor. There is an internal 
limiting resistor of 400ft nominal value. 

Figure 4 shows the input data format. A start bit of logical 
“1 ” precedes the 35 bits of data. At the 36th clock a LOAD 
signal is generated synchronously with the high state of the 
clock, which loads the 35 bits of the shift registers into the 
latches. At the low state of the clock a RESET signal is 
generated which clears all the shift registers for the next set 
of data. The shift registers are static master-slave configura- 
tion. There is no clear for the master portion of the first shift 
register, thus allowing continuous operation. 


There must be a complete set of 36 clocks or the shift regis- 
ters will not clear. 

When the chip first powers ON an internal power ON reset 
signal is generated which resets all registers and all latches. 
The START bit and the first clock return the chip to its nor- 
mal operation. 

Figure 5 shows the Output Data Format for the 5480. Be- 
cause it uses only 23 of the possible 35 outputs, 1 2 of the 
bits are ‘Don’t Cares’. 

Figure 3 shows the timing relationships between data and 
clock. A maximum clock frequency of 0.5 MHz is assumed. 
For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than IV Vqut- The following 
equation can be used for calculations. 

Tj = (Vout) Oled) (No. of segments) (0ja) + Ta 
where: 

Tj = junction temperature, 150°C max. 

Vqut = the voltage at the LED driver outputs 
I led = t he LEiD current 
0ja = thermal coefficient of the package 
Ta = ambient temperature 
0ja (Socket Mount) = 58°C/W 
0ja (Board Mount) = 52°C/W 
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FIGURE 4. Input Data Format 
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FIGURE 5. Output Data Format 
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Functional Description (Continued) 



FIGURE 6. Typical Application of Constant Current Brightness Control 


TL/F/6138-5 


5V 



TL/F/6138-6 

FIGURE 7. Brightness Control Varying the Duty Cyclo 
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MM5481 LED Display Driver 


General Description 

The 5481 is a monolithic MOS integrated circuit utilizing N- 
channel metal gate low threshold, enhancement mode and 
ion-implanted depletion mode devices. It utilizes the 
MM5450 die packaged in a 20-pin package making it ideal 
for a 2 digit display. The MM5481 is designed to drive com- 
mon anode-separate cathode LED displays. A single pin 
controls the LED display brightness by setting a reference 
current through a variable resistor connected either to Vqd 
or to a separate supply of 1 1V maximum. 

Features 

■ Continuous brightness control 

■ Serial data input 


■ No load signal required 

■ Data enable 

■ Wide power supply operation 

■ TTL compatibility 

■ Alphanumeric capability 

■ 2 digit LED driver 

Applications 

■ COPS or microprocessor displays 

■ Industrial control indicator 

■ Relay driver 

■ Instrumentation readouts 


Block and Connection Diagrams 


V DD OUTPUT 14 OUTPUT 1 



FIGURE 1 


Dual-ln-Line Package 
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Order Number MM5481N 
See NS Package Number N20A 
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MM5481 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Junction Temperature 

please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 sec.) 

Office/Distributors for availability and specifications. ’Molded dip Package, Bo 

Voltage at Any Pin Vss to Vss + 12V above 25°c. 

Storage T emperature - 65°C to + 1 50°C * ‘Molded dip Package, so< 

above 25°C. 

Power Dissipation at 25°C 

Molded DIP Package, Board Mount 2W* 

Molded DIP Package, Socket Mount 1 .8W* * 

Electrical Characteristics 

Ta = — 25°C to + 85°C, Vqd = 4.75V to 11.0V, Vss = 0V unless otherwise specified 


+ 1 50°C 
300°C 


’Molded DIP Package, Board Mount, 0 ja = 61°C/W, Derate 16.4 mW/°C 
above 25°C. 

” Molded DIP Package, Socket Mount, 0ja = 67 6 C/W, Derate 14.9 mW/°C 
above 25°C. 


Symbol 


V DD 


•dd 



Parameter 


Power Supply 


Power Supply Current 

Input Voltages 
Logical “0” Level 


Logical “1” Level 


Brightness Input Current 
(Note 2) 


Output Sink Current 
(Note 3) 

Segment OFF 


Segment ON 


Brightness Input Voltage 
(Pin 9) 

Output Matching (Note 1) 


Conditions 


Excluding Output Loads 
±10 juA Input Bias 


4.75 ^ Vpp <; 5.25 
V DD > 5.25 


V 0 UT = 3.0V 


VoUT = IV (Note 4) 
Brightness Input = 0 ju,A 
Brightness Input = 100 ju,A 
Brightness Input = 750 /xA 


Input Current = 750 ju, A 




10.0 

jaA 

10.0 

jliA 

4.0 

mA 

25.0 

mA 


AC Electrical Characteristics t a = -25'cto + 85 °c, v DD = sv ± o.sv 


Symbol Parameter 


fc Clock Input Frequency 


th High Time 


Low Time 



Data Input 

Ids 

Set-Up Time 

*DH 

Hold Time 

*DES 

Data Enable Input 

Set-Up Time 



M 

ax 

Units 

5i 

00 

kHz 



ns 



ns 



Note 1: Output matching is calculated as the percent variation from I max + Imin /2 - 

Note 2: With a fixed resistor on the brightness input pin some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are compiled with. 

Note 3: Absolute maximum for each output should be limited to 40 mA. 

Note 4: The Vout voltage should be regulated by the user. 

Note 5: AC input waveform specification for test purpose: t r ^ 20 ns, tf ^ 20 ns, f = 500 kHz, 50% ± 10% duty cycle. 

Note 6: Clock input rise and fall times must not exceed 300 ns. 


4-96 





















































Functional Description 

The MM5481 uses the MM5450 die which is packaged to 
operate 2-digit alphanumeric displays with minimal interfer- 
ence to the display and the data source. Serial data transfer 
from the data source to the display driver is accomplished 
with 2 signals, serial data and clock. Using a format of a 
leading “1” followed by the 35 data bits allows data transfer 
without an additional load signal. The 35 data bits are 
latched after the 36th bit is complete, thus providing non- 
multiplexed, direct drive to the display. Outputs change only 
if the serial data bits differ from the previous time. Display 
brightness is determined by control of the output current for 
LED displays. A 0.001 jmF capacitor should be connected to 
brightness control, pin 9, to prevent possible oscillations. 

A block diagram is shown in Figure 1. The output current is 
typically 20 times greater than the current into pin 9, which 
is set by an external variable resistor. There is an internal 
limiting resistor of 400H nominal value. 

Figure 4 shows the input data format. A start bit of logical 
“1” precedes the 35 bits of data. At the positive-going-edge 
of the 36th clock a LOAD signal is generated synchronously 
with the high state of the clock, which loads the 35 bits of 
the shift registers into the latches. At the low state of the 
clock a RESET signal is generated which clears all the shift 
registers for the next set of data. The shift registers are a 
static master-slave configuration. There is no clear for the 
master portion of the first shift register, thus allowing conti- 
nous operation. 

There must be a complete set of 36 clocks (high/low edges) 
or the shift registers will not clear. 


Data Enable 

This active low signal enables the data input pin. If high, the 
shift register sees zeroes clocked in. 

To blank the display at any time, (i.e., power on), clock in 36 
or more zeroes, followed by a ‘one’ (start bit), followed by 
36 or more zeroes. 

Figure 5 shows the Output Data Format for the MM5481 . 
Because it uses only 14 of the possible 34 outputs, 20 of the 
bits are ‘Don’t Cares’. Note that only alternate groups of 4 
outputs are used. 

Figure 3 shows the timing relationships between data, 
clock, and data enable. A maximum clock frequency of 
0.5 MHz is assumed. 

For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than IV Vqut- The following 
equation can be used for calculations. 

Tj = (Vqut) (Iled) (No. of segments) (0 JA ) + T A 
where: 

Tj = junction temperature, 150°Cmax. 

Vqut = the voltage at the LED driver outputs 

•led = the LED current 

0j A = thermal coefficient of the package 

T A = ambient temperature 

0j A (Socket Mount) = 67°C/W 

0j A (Board Mount) = 61°C/W 






4-97 


MM5481 



ROWER DISSIPATION (W) 


FIGURE 5. Output Data Format 



TL/F/6139-5 

FIGURE 6. Typical Application of Constant Current Brightness Control 



TL/F/6139-6 

FIGURE 7. Brightness Control Varying the Duty Cycle 


25 

10 

15 

1.0 

05 

0 

0 20 40 60 80 100 

TEMPERATURE (°C) 


Safe Operating Area 




14 SEGMENTS 
V 0 UT=1V 

mA/SF(5UFKIT 







1 

[\\\^ 




^SA 

FE OPEF 
ARE/ 

SATING - 

k \ \ 

1 


ill 



1 


TL/F/6139-7 


Basic Electronically Tuned Television System 
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National Semiconductor 


MM5483 Liquid Crystal Display Driver 


General Description 

The MM5483 is a monolithic integrated circuit utilizing 
CMOS metal-gate low-threshold enhancement mode devic- 
es. It is available in a 40-pin molded package. The chip can 
drive up to 31 segments of LCD and can be cascaded to 
increase this number. This chip is capable of driving a 4 y 2 - 
digit 7-segment display with minimal interface between the 
display and the data source. 


■ Wide power supply operation 

■ TTL compatibility 

■ 31 segment outputs 

■ Alphanumeric and bar graph capability 

■ Cascade capability 

Applications 

■ COPS™ or microprocessor displays 


The MM5483 stores the display data in latches after it is 
latched in, and holds the data until another load pulse is 
received 

Features 


■ Industrial control indicator 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 

■ Remote displays 


■ Serial data input 

■ Serial data output 


Block and Connection Diagrams 



See NS Package Number V44A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Voltage at Any Pin Vss to V$s + 1 0V 

Operating T emperature - 40°C to 4- 85°C 

Storage T emperature - 65°C to + 1 50°C 


Power Dissipation^ 

Junction Temperature 
Lead Temperature 
(Soldering, 10 seconds) 


300 mWat + 85°C 
350 mWat + 25°C 
+ 150°C 


DC Electrical Characteristics 

Ta within operating range, Vdd = 3.0V to 10V, Vss = 0V, unless otherwise specified 



Power Supply 


Power Supply Current 


Input Voltage Levels 
Logic “0” 

Logic “1” 

Logic “0” 

Logic “1” 


BP OUT 
Sink 
Source 


R = 1M,C = 470 pF, 

Outputs Open 

V DD = 3.0V 

V DD = 5.0V 

Vqd = 10.0V 

OSC = 0V, Outputs Open, 

BPIN = 32 Hz, V DD = 3-QV 

Load, Clock, Data 
V DD = 5.0V 
V DD = 5.0V 
V DD = 3.0V 
V DD = 3.0V 


v dd = 3.ov, v 0 ut = 0.3V 
v DD - 3.ov, Vqut = 2.7V 




AC Electrical Characteristics Vdd ^ 4.7V, Vss = 0V unless otherwise specified 


Clock Frequency, Vdd = 3V 


Clock Period High (Notes 1 , 2) 

Clock Period Low 
Data Set-Up before Clock 
Data Hold Time after Clock 


Minimum Load Pulse Width 


Load to Clock 


tcpo | Clock to Data Valid [ | 400 

Note 1: AC input waveform specification for test purpose: t r £ 20 ns, tf £ 20 ns, f = 500 kHz, 50% ±10% duty cycle. 
Note 2: Clock input rise and fall times must not exceed 300 ns. 

Note 3: Output offset voltage is ± 50 mV with Csegment = 250 pF, Cbp — 8750 pF. 



Functional Description 

A block diagram for the MM5483 is shown in Figure 1 and a 
package pinout is shown in Figure 2. Figure 3 shows a pos- 
sible 3-wire connection system with a typical signal format 
for Figure 3. Shown in Figure 4, the load input is an asyn- 
chronous input and lets data through from the shift register 
to the output buffers any time it is high. The load input can 
be connected to Vdd f° r 2-wire control as shown in Figure 
5. In the 2-wire control mode, 31 bits (or less depending on 


the number of segments used) of data are clocked into the 
MM5483 in a short time frame (with less than 0.1 second 
there probably will be no noticeable flicker) with no more 
clocks until new information is to be displayed. If data was 
slowly clocked in, it can be seen to “walk” across the dis- 
play in the 2-wire mode. An AC timing diagram can be seen 
in Figure 6. It should be noted that data out is not a TTL- 
compatible output. 
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Functional Description (Continued) 
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FIGURE 3. Three-Wire Control Mode 
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FIGURE 4. Data Format Diagram 



FIGURE 5. Two-Wire Control Mode 



TL/F/6140-6 


FIGURE 6. Timing Diagram 
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MM5484 


National Semiconductor 


MM5484 16-Segment LED Display Driver 


General Description 

The MM5484 is a low threshold N-channel metal gate circuit 
using low threshold enhancement and ion implanted deple- 
tion devices. The MM5484 is available in a 22-pin molded 
package and is capable of driving 1 6 LED segments. The 
MM5484 is designed to drive common anode separate cath- 
ode LED displays. 

Features 

■ Serial data input 

■ Wide power supply operation 

■ 16 output, 15 mA sink capability 


■ MM5484 is cascadeable 

■ TTL compatibility 

■ No load signal required 

■ Non multiplex display 

■ 2% digit capability— MM5484 

Applications 

■ COPStm or microprocessor displays 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Relay driver 


Block and Connection Diagrams 


16 SEGMENT OUTPUTS 



FIGURE 1. MM5484 
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Top View 

Order Number MM5484N 
See NS Package Number N22A 


Top View 

Order Number MM5484V 
See NS Package Number V28A 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Operating Temperature -40°Cto+85°C 

please contact the National Semiconductor Sales Storage Temperature -40°Cto +150°C 

Office/Distributors for availability and specifications. Power Dissipation at 25 . c 

Voltage at LED Outputs Vss — 0.5V to Vss + 1 2V Molded DIP Package, board mount 2W* 

Voltage at Other Pins Vss — °.5V to Vss + 1 0V Molded DIP Package, socket mount 1 .8W** 

* Molded DIP Package, board mount, 0 ja = 63°C/W, 
derate 1 5.8m W/°C above 25°C. 

**Molded DIP Package, socket mount, 0 ja = 69°C/W, 
derate 14.5m W/°C above 25°C. 

Lead T emperature (Soldering, 1 0 sec.) 300°C 

DC Electrical Characteristics Vqd = 4.5V to 9V, Ta = — 40°C to + 85°C unless otherwise specified 


Parameter 

Conditions 

Min 

Supply Voltage 


4.5 

Supply Current 



Logic One 

Input High Level V|h 


2.4 

Logic Zero 

Input Low Level V||_ 

Input Current 

Input Capacitance 

High or Low Level 

0 

OUTPUTS 

Data Output Voltage 

High Level Vqh 

Low Level Vql 

Segment Off 
(Logic Zero on Input) 

•out * 0.1 mA 
•out = ""0.1 mA 
V 0U T = 12V 

REXT == 400ft 

in 

d 

1 

o 

Q 

> 

Output Current Segment On 
(Logic One on Input) 

Output Voltage 

•OUT = 1 5 mA 

Vqd ^ 6V 



Vqd + 0.5 



AC Electrical Characteristics 

(See Figure 3.) Vqd = 4.5V to 9V, Ta = -40°C to + 85°C unless otherwise specified 


Conditions 


Symbol 

Parameter 

fc 

Clock Frequency 

th 

i High Time 




ts 2 Enable Setup Time 0.5 

tH 2 Enable Hold Time 0.5 

t pc | Data Out Delay 0.5 

Note 1: Under no condition should the power dissipated by the segment driver exceed 50 mW nor the entire chip power dissipation exceed 500 mW. 
Note 2: AC input waveform specification for test purpose: t r ^ 20 ns, tf ^ 20 ns, f = 500 kHz, 50% ±10% duty cycle. 

Note 3: Clock input rise and fall times must not exceed 500 ns. 
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Functional Description 

The MM5484 is designed to drive LED displays directly. Se- 
rial data transfer from the data source to the display driver is 
accomplished with 3 signals, DATA IN, CLOCK and EN- 
ABLE. The signal ENABLE acts as an envelope and only 
while this signal is at a logic T do the circuits recognize the 
clock signal. 

While ENABLE is high, data on the serial data input is trans- 
ferred and shifted in the internal shift register on the rising 
clock edge, i.e. a logic ‘O’ to logic T transition. 


Timing Diagram 


When the ENABLE signal goes to a low (logic zero state), 
the contents of the shift register is latched and the display 
will show the new data. While new data is being loaded into 
the SR the display will continue to show the old data. 

For the MM5484, data is output from the serial DATA OUT 
pin on the falling edge of clock so cascading is made simple 
with race hazards eliminated. 

When the chip first powers on, an internal power on reset 
signal is generated which resets the SR and latches to zero 
so that the display will be off. 
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National Semiconductor 


MM5486 LED Display Driver 


General Description 

The MM5486 is a monolithic MOS integrated circuit utilizing 
N-channel metal-gate low-threshold, enhancement mode 
and ion-implanted depletion mode devices. It is available in 
a 40-pin molded dual-in-line package. The MM5486 is de- 
signed to drive common anode-separate cathode LED dis- 
plays. A single pin controls the LED display brightness by 
setting a reference current through a variable resistor con- 
nected to V D p. 

Features 

■ Continuous brightness control 

■ Serial data input/outut 


■ External load input 

■ Cascaded operation capability 

■ Wide power supply operation 

■ TTL compatibility 

■ 33 outputs, 1 5 mA sink capability 

■ Alphanumeric capability 

Applications 

■ COPStm or microprocessor displays 

■ Industrial control indicator 

■ Relay driver 

■ Digital clock, thermometer, counter, voltmeter 

■ Instrumentation readouts 


Block and Connection Diagrams 





TL/F/6142-13 

Order Number MM5486V 
See NS Package Number V44A 


Dual-In-Line Package 
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Order Number MM5486N 
See NS Package Number N40A 

FIGURE 2 
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MM5486 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Voltage at Any Pin Vss to Vss + 1 2V 

Operating T emperature - 25°C to + 85°C 

Storage T emperature - 65°C to + 1 50°C 


Power Dissipation at 25°C 

Molded DIP Package, Board Mount 2.5W* 

Molded DIP Package, Socket Mount 2.3W** 

Junction Temperature +150°C 

Lead T emperature (Soldering, 1 0 seconds) 300°C 


’Molded DIP Package, Board Mount, 0j A = 49°C/W, Derate 20.4 mW/°C 
above 25°C. 

’’Molded DIP Package, Socket Mount, 0 JA = 54°C/W, Derate 18.5 mW/°C 
above 25°C. 


Electrical Characteristics 

T/V within operating range, Vdd = 4.75V to 1 1.0V, Vss ” 0V, unless otherwise specified 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vdd 

Power Supply 


4.75 


11 

V 

•dd 

Power Supply Current 

Excluding Output Loads 



7 

mA 


Input Voltages 






V| L 

Logic “0” Level 

±10 jllA Input Bias 

-0.3 


0.8 

V 

V|H 

Logic “1” Level 

4.75 £ V DD ^ 5.25 

2.2 


Vdd 

V 



V DD > 5.25 

C\l 

1 

Q 

Q 

> 


Vdd 

V 

•br 

Brightness Input (Note 2) 


0 


0.75 

mA 


Output Sink Current (Note 3) 



Si 

Bl 


■OH 

Segment OFF 

Vout = 3.0V 




julA 

•OL 

Segment ON 

Vqut = 1 V (Note 4) 







Brightness Input = 0 ju,A 

0 

Si 

■a 

fxA 



Brightness Input = 100 jutA 

2.0 



mA 



Brightness Input = 750 ju,A 

15 

IB 

25 

mA 

— 

Maximum Segment Current 




40 


■Bl 

Brightness Input Voltage (Pin 1 9) 

Input Current = 750 jutA 

3.0 


4.3 



Output Matching (Note 1) 




±20 

| 


Data Output 



■ 



VOL 

Logical “0” Level 

Iout = 0*5 mA 

Vss 

■ ■ 

0.4 

V 

v OH 

Logical “1” Level 

•OUT = 1 00 /jlA 

2.4 

| | 

Vdd 

V 

■ 

Clock Input 

(Notes 5 and 6) 

H| 




1 

Frequency 



1 

500 

kHz 

1 •• 

High Time 



B 



is 

Low Time 





M 

mm 

Data Input 





■B 

1 

Set-Up Time 






msm 

Hold Time 





■SB 


Note 1: Output matching is calculated as the percent variation (Imax + 'min) /2 - 

Note 2: With a fixed resistor on the brightness input pin, some variation in brightness will occur from one device to another. Maximum brightness input current can 
be 2 mA as long as Note 3 and junction temperature equation are complied with. 

Note 3: Absolute maximum for each output should be limited to 40 mA. 

Note 4: The Vout voltage should be regulated by the user. See Figures 6 and 7 for allowable Vout vs Iout operation. 

Note 5: AC input waveform specification for test purpose: t r ^ 20 ns, tf £ 20 ns, f = 500 kHz, 50% ±10% duty cycle. 

Note 6: Clock input rise and fall times must not exceed 300 ns. 
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Functional Description 

The MM5486 is specifically designed to operate four-digit 
alphanumeric displays with minimal interface with the dis- 
play and the data source. Serial data transfer from the data 
source to the display driver is accomplished with 3 signals, 
serial data, clock, and load. The data bits are latched by a 
positive-level load signal, thus providing non-multiplexed, di- 
rect drive to the display. When load is high, the data in the 
shift registers is displayed on the output drivers. Outputs 
change only if the serial data bits differ from the previous 
time. Display brightness is determined by control of the out- 
put current for LED displays. A 0.001 ju,F capacitor should 
be connected to brightness control, pin 19, to prevent possi- 
ble oscillations. The output current is typically 20 times 
greater than the current into pin 1 9, which is set by an exter- 
nal variable resistor. There is an internal limiting resistor of 
400ft nominal value. 

A block diagram is shown in Figure 1. 

Figure 4 shows the input data format. Bit “1” is the first bit 
into the data input pin and it will appear on pin 1 7. A logical 
“1” at the input will turn on the appropriate LED. The load 
signal latches the 33 bits of the shift register into the latch- 
es. The data out pin allows for cascading the shift registers 
for more than 33 output drivers. 


When the chip first powers ON, an internal power ON reset 
signal is generated which resets all registers and latches. 
The leading clock returns the chip to its normal operation. 
Figure 3 shows the timing relationship between data, clock 
and data enable. A maximum clock frequency of 0.5 MHz is 
assumed. 

For applications where a lesser number of outputs are used, 
it is possible to either increase the current per output, or 
operate the part at higher than IV Vqut- The following 
equation can be used for calculations: 

Tj = (Vqut) (I led) (No. of segments) (0ja) + Ta 
where: 

Tj = junction temperature, 150°C max. 

Vout = the voltage at the LED driver outputs 
I|_ed = the LED current 
0ja = thermal coefficient of the package 
Ta = ambient temperature 
0jA (Socket Mount) = 54°C/W 
0j A (Board Mount) = 49°C/W 
The above equation was used to plot Figure 6, Figure 7, and 
Figure 8. 



LEADING 



*This leading clock is necessary only after power ON. 

FIGURE 4. Input Data Format 
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POWER DISSIPATION (W) 


<0 

00 

3 Typical Applications 



TEMPERATURE (°C) 

TL/F/6142-6 

FIGURE 6 



FIGURE 7 


FIGURE 8 
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Typical Applications (Continued) 


Basic Electronically Tuned Radio System 
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TL/F/6142-11 


VLED-3V 


DATA IN k- 


LOAD ►- 


Duplexing 8 Digits with One MM5486 


V LED *3V 



VlEP VLED 


1 


n n on a non 
/_/. u. /_/. /_/. u. u. /_/. /_/. 


.. -fy. vv 


9-15 2-8,40 32 39 24-31 


16 21 22 19 20 1 23 17 


“in - 

ITROL 


BRIGHTNESS 

CONTROL 


T 


- V DD 


•This driver has 7 segments only. 





MM58241 



N a tional 


Semiconductor 


MM58241 High Voltage Display Driver 


General Description 

The MM58241 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P- and N-channel devic- 
es. It is available both in 40-pin molded dual-in-line pack- 
ages or as dice. The MM58241 is particularly suited for driv- 
ing high voltage (60V max) vacuum fluorescent (VF) dis- 
plays (e.g., a 32-digit alphanumeric or dot matrix display). 

Applications 

■ COPStm or microprocessor-driven displays 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ LSTTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ Display blanking control input 

■ Simple to cascade 


Block Diagram 


OUTPUT OUTPUT 

32 1 


BUNKING 

CONTROL 


DATA 

IN 

CLOCK 

ENABLE 



FIGURE 1 


TL/F/5600-1 
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Absolute Maximum Ratings Operating Conditions 



If Military/ Aerospace specified devices are required, 

Min 

Max 

Units 

please 

contact the National Semiconductor Sales supply voltage (Vdd) 


5.5 


Office/Distributors for availability and specifications. v ss - ov 

4.5 

V 

Voltage at Any Input Pin V DD + 0.3V to V S s - 0.3V Display Voltage (V DJS ) 

55 

-25 

V 

Voltage at Any Display Pin Vdd to Vqd — 62.5V Temperature Range 

40 

+ 85 

°c 

Vdd + IVdisI 

62.5V 





Storage Temperature 

Power Dissipation at + 25°C 

— 65°C to + 150°C 





Molded DIP Package, Board Mount 

2.28W* 





Molded DIP Package, Socket Mount 

2.05W** 





Junction Temperature 

Lead Temperature 

130°C 





(Soldering, 10 sec.) 

260°C 





♦Molded DIP Package, Board Mount, 0 ja = 46°C/W, 





Derate 21 .7 mW/°C above + 25°C. 






♦♦Molded DIP Package, Socket Mount, 0 JA = 51°C/W, 





Derate 1 9.6 mW/°C above + 25°C. 






DC Electrical Characteristics 

Ta = — 40°C to + 85°C, Vdd = 5V ±0.5V, Vss = 0V unless otherwise specified 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


Power Supply Currents 

V|N = Vss or V DD> V SS = °V, 





•dd 


Vdis Disconnected 



150 

juA 

•dis 


Vdd = 5.5V, Vss = 0V, Vdis = -55V 
All Outputs Low 



10 

mA 


Input Logic Levels 

DATA IN, CLOCK 

ENABLE, BLANK 






V|L 

Logic ‘O’ 




0.8 

V 

V| H 

Logic ‘1’ 

(Note 1) 

2.4 



V 


Data Output Logic Levels 






VOL 

Logic ‘O’ 

l0UT = 400 jaA 



0.4 

V 

VoH 

Logic ‘V 

•OUT = — 10 ju.A 

V DD ~ 0.5 



V 

VOH 

Logic ‘1’ 

•OUT = -500 jaA 

2.8 



V 

*IN 

Input Currents 

DATA IN, CLOCK 

ENABLE, BLANK 

V|N = ov or Vdd 

-10 


10 

jaA 

C|N 

Input Capacitance 

DATA IN, CLOCK 

ENABLE, BLANK 




15 

PF 


Display Output Impedances 

Vdd = 5.5V, Vss = ov 



Ml 


Roff 

Output Off (Figure 3a) 

Vdis = -25 V 

1 






V D is = ~40V 



■ 




Vdis = ~55V 

80 


ia 


Ron 

Output On (Figure 3b) 

V D is = -25 V 


3.0 

4.0 




V D is = ~40V 


2.6 





Vdis = -55 V 


2.3 

■I 


Vdol 

Display Output Low Voltage 

v dd = 5.5V, Iqut = Open Circuit, 

-55V ^ v D is ^ ~25V 

Vdis 

■ 

v D is + 4 

V 

Note 1: 74LSTTL Vqh = 2.7 V @ l 0 UT = “400 jxA, TTL Vqh = 2.4V @ Iqut = -400 jaA. 
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AC Electrical Characteristics t a = -40°c»o + 85 °c, v DD = sv ±o.sv 


Symbol 

Parameter 


Clock Input 

fc 

Frequency 

tH 

High Time 

tL 

Low Time 


Data Input 

*DS 

Set-Up Time 

*DH 

Hold Time 


Enable Input 

*ES 

Set-Up Time 

tEH 

Hold Time 


Conditions 


(Notes 3 and 4) 










Functional Description 

This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58421 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic ‘V 
will turn off all sections of the display. A block diagram of 
the MM58241 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58241 device, where 
output 1 (pin 1 8) is equivalent to bit 1 , i.e., the first bit of data 


to be loaded into the shift register following ENABLE high. A 
logic ‘1’ at the input will turn on the corresponding display 
digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58241, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figures 3a 
and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 
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Functional Description (Continued) 

Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58241. 

To clear (reset) the display driver at power on or any time, 
the following flushing routine may be used. With the enable 
signal high, clock in 32 zeroes. Drive the enable signal low 
and the display will be blank. It is recommended to clear the 
driver at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1’ does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., *0'-T 
transition. When the ENABLE signal goes low, the contents 
of the shift registers are latched, and the display will show 


new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58241, being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58241 is used to provide the 
grid drive for a 32-digit 5 x 7 dot matrix vaccum fluorescent 
(VF) display. The anode drive in this example is provided by 
another member of the high voltage display driver family, 
namely the MM58248, which does not require an externally 
generated load signal. 




FIGURE 3b. Output Impedance On 


Timing Diagrams 


CLOCK 

DATA IN 


-50% 


3EZX 




TC 


90% 

. 10 % 


X 


For the purposes of AC measurements, Vih = 2.4V, Vil = 0.8V. 

FIGURE 4. Clock and Data Timings 


TL/F/5600-5 
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Na t ion a l 


Semiconductor 


MM58341 High Voltage Display Driver 


General Description 

The MM58341 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P and N-channel devic- 
es. It is available both in 40-pin molded dual-in-line pack- 
ages or as dice. The MM58341 is particularly suited for driv- 
ing high voltage (35V max) vacuum fluorescent (VF) dis- 
plays, (e.g., a 32-digit alphanumeric or dot matrix display). 

Applications 

■ COPStm or microprocessor-driven displays 

■ Instrumentation readouts 

■ Industrial control indicator 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ LSTTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ Display blanking control input 

■ Simple to cascade 


■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Block Diagram 


OUTPUT OUTPUT 

32 1 


BLANKING 

CONTROL 


DATA 

IN 


CLOCK 


ENABLE 



Vdis 


DATA 

OUT 


FIGURE 1 


TL/F/ 5603-1 
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MM58341 


Absolute Maximum Ratings Operating Conditions 

If Military/ Aerospace specified devices are required, Min Units 

please contact the National Semiconductor Sales Supply Voltage (Vdd) 

Office/Distributors for availability and specifications. v ss - OV 4 5 5.6 V 

Voltage at Any Input Pin Vdd + 0.3V to Vss - 0.3V Display Voltage (Vdis) -30 “10 V 

Voltage at Any Display Pin V DD toV DD - 36.5V Temperature Range —40 +85 *C 

V D D + IVdisI 36.5V 

Storage Temperature -65°Cto + 150°C 

Power Dissipation at 25°C 

Molded DIP Package, Board Mount 2.28W* 

Molded DIP Package, Socket Mount 2.05 W** 

* Molded DIP Package, Board Mount, 0 ja = 46°C/W 

Derate 21.7 mW°C Above 25°C 
** Molded DIP Package, Socket Mount, Oja = 51°C/W 

Derate 19.6 mW/°C Above 25°C 

Junction Temperature 130°C 

Lead Temperature (Soldering, 10 seconds) 260°C 

DC Electrical Characteristics 

Ta = — 40°C to +85°C, Vqd = 5V ±0.5V, Vss = 0 V unless otherwise specified 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

•dd 

Power Supply Currents 

V|N = Vss or V DD. V SS = 0V> 

Vdis Disconnected 



150 

julA 

*DIS 

V DD = 5.5V, V SS = 0V, 

Vpis = -30V, All Outputs Low 



10 

mA 

V|L 

Input Logic Levels DATA IN, 

CLOCK ENABLE, BLANK Logic ‘O’ 




0.8 

V 

V| H 

Input Logic Levels DATA IN, 

CLOCK ENABLE, BLANK Logic T 

(Note 1) 

2.4 



V 

VOH 

Data Output Logic Levels 

Logic ‘O’ 

l0UT = 433 pA 



0.4 

V 

VOH 

Data Output Logic Levels 

Logic ‘1’ 

•OUT = . — 13 julA 




V 

v OH 

Data Output Logic Levels 

Logic ‘1’ 

•OUT = ~ 500 juA 

■1 



V 

•in 

Input Currents DATA IN, 

CLOCK ENABLE, BLANK 

Vim = 0V or Vqd 

-10 


10 

/jlA 

C|N 

Input Capacitance DATA IN, 

CLOCK ENABLE, BLANK 




15 

PF 

Roff 

Display Output Impedances 

Output Off (Figure 3a) 

V DD = 5.5V, Vss = 0V 

V D is = -10V 

V D is = -20V 

Vdis = -30V 

55 

60 

65 


250 

300 

400 

k n 

kfl 

k n 

Ron 

Display Output Impedances 

Output On (Figure 3b) 

V D is = -10V 

Vdis = -20V 

Vdis = -30V 


700 

600 

500 

800 

750 

680 

ft 

ft 

ft 

Vdol 

Display Output Low Voltage 

Vdd — 5.5V, Iout = Open Circuit, 
-30V <; V D is < -10V 

Vdis 


Vdis + 2 

V 

Note 1: 74LSTTL Vqh = 2.7V @ Iqut = ~400 /xA, TTL Vqh = 2.4V @ Iqut = -400 fxA. 
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AC Electrical Characteristics t a = -40°cto + 85-c, v D0 = sv ±o.sv 


Symbol 

Parameter 

f c 

Clock Input Frequency 

tH 

Clock Input High Time 

tL 

Clock Input Low Time 


Conditions 


(Notes 3, 4) 



Data Input Setup Time 


Data Input Hold Time 


Enable Input Setup Time 
Enable Input Hold Time 


Data Output Clock Low to 
Data Out Time 



C L = 50 pF 


Note 2: Note that, for timing purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 
Note 3: AC input waveform specification for test purpose: V ^ 20 ns, tf £ 20 ns, f = 800 kHz, 50% ± 10% duty cycle. 

Note 4: Clock input rise and fall times must not exceed 5 ju,s. 


Connection Diagrams 

Dual-In-Line Package 


OUTPUT 13 
OUTPUT 12 
OUTPUT 11 
OUTPUT 10 
OUTPUT 9 
N/C 
OUTPUT 8 
OUTPUT 7 
OUTPUT 6 
OUTPUT 5 
OUTPUT 4 



OUTPUT 18 
OUTPUT 19 
OUTPUT 20 
OUTPUT 21 
OUTPUT 22 
OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
OUTPUT 26 
OUTPUT 27 
OUTPUT 28 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 
BLANKING CONTROL 
ENABLE 
DATA OUT 
DATA IN 


Top View 

Order Number MM58341N 
See NS Package Number N40A 

Plastic Chip Carrier 


5 5 5 5 5 5 5 5 5 



OUTPUT 23 
OUTPUT 24 
OUTPUT 25 
OUTPUT 26 
OUTPUT 27 
N/C 

OUTPUT 28 
OUTPUT 29 
OUTPUT 30 
OUTPUT 31 
OUTPUT 32 


s s 5 > s > 8 S § = § I li 
III d § 3 Mi 

o o o Q 

Top View 

Order Number MM58341 V 
See NS Package Number V44A 


Functional Description 

This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58341 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic T 
will turn off all sections of the display. A block diagram of 
the MM58341 is shown in Figure 1. 

Figure 2 shows the pinout of the MM58341 device, where 
output 1 (pin 1 8) is equivalent to bit 1 (i.e., the first bit of data 
to be loaded into the shift register following ENABLE high). 
A logic ‘1 ’ at the input will turn on the corresponding display 
digit/ segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58341, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figures 3a 
and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 

Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58341. 

To clear (reset) the display driver at power on or any time, 
the following flushing routine may be used. With the enable 
signal high, clock in 32 zeroes. Drive the enable signal low 
and the display will be blank. It is recommended to clear the 
driver at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘V does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., ‘0’-T 
transition. When the ENABLE signal goes low, the contents 
of the shift registers are latched, and the display will show 
new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58341, being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58341 is used to provide the 
grid drive for a 32-digit 5 x 7 dot matrix vacuum fluorescent 
(VF) display. The anode drive in this example is provided by 
another member of the high voltage display driver family, 
namely the MM58348, which does not require an externally 
generated load signal. 
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MM58341 


Functional Decription (Continued) 




FIGURE 3b. Output Impedance On 


Timing Diagrams 


CLOCK 

DATA IN 





For the purposes of AC measurements, Vm = 2.4V, V|l = 0.8V. 

FIGURE 4. Clock and Data Timings 




TL/F/5603-3 


30V 


TL/F/5603-4 


TL/F/5603-5 


TL/F/5603-6 
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Typical Application 



4-119 


MM58341 



MM58342 



MM58342 High Voltage Display Driver 


General Description 

The MM58342 is a monolithic MOS integrated circuit utiliz- 
ing CMOS metal gate low threshold P- and N-channel devic- 
es. It is available both in 28-pin molded dual-in-line pack- 
ages or as dice. The MM58342 is particularly suited for driv- 
ing high voltage (35V max) vacuum fluorescent (VF) dis- 
plays (e.g., a 20-digit alphanumeric or dot matrix display). 

Applications 

■ COPStm or microprocessor-driven displays 

■ Instrumentation readouts 

■ Industrial control indicator 

■ Digital clock, thermostat, counter, voltmeter 

■ Word processor text displays 

■ Automotive dashboards 


Features 

■ Direct interface to high voltage display 

■ Serial data input 

■ No external resistors required 

■ Wide display power supply operation 

■ LSTTL compatible inputs 

■ Software compatible with NS display driver family 

■ Compatible with alphanumeric or dot matrix displays 

■ Display blanking control input 

■ Simple to cascade 


Block Diagram 

OUTPUT OUTPUT 
20 1 
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Absolute Maximum Ratings Operating Conditions 



i If Military/ Aerospace specified devices are required, 

Min 

Max 

Units 

please 

contact the National Semiconductor Sales Supply Voltage (Vdd) 




Office/Distributors for availability and specifications. v ss - OV 

4.5 

5.5 

V 

Voltage at Any Input Pin V DD + 0.3V to V S s - 0.3V Display Voltage (V D | S ) 

30 

-10 

V 

Voltage at Any Display Pin Vdd to Vdd - 36.5V Temperature Range 

40 

+ 85 

°c 

Vdd + l v Disl 

36.5V 





Storage Temperature 

Power Dissipation at 25°C 

— 65°C to + 1 50°C 





Molded DIP Package, Board Mount 

2.03 W* 





Molded DIP Package, Socket Mount 

1.83W** 





Junction Temperature 

130°C 





Lead Temperature (Soldering, 10 sec.) 

260°C 





♦Molded DIP Package, Board Mount, 0 JA = 52°C/W, 





derate 1 9.2 mW/°C above 25°C. 






♦♦Molded DIP Package, Socket Mount, 0j A = 58°C/W, 





derate 17.2 mW/°C above 25°C. 






DC Electrical Characteristics 

T a = — 40°C to + 85°C, Vqd — 5V ±0.5V, Vss = ov unless otherwise specified 





Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


Power Supply Currents 






•dd 


Vin = Vss ° r Vdd» Vss = ov, 

Vdis Disconnected 



150 

ju.A 

•dis 


V DD = 5.5V, Vss = 0V, Vdis = -30 V 
All Outputs Low 



10 

mA 


Input Logic Levels 

DATA IN, CLOCK 

ENABLE, BLANK 


■ 

1 


■ 

V| L 

Logic ‘O’ 


1 1 


0.8 


V|H 

Logic ‘1’ 

(Note 1) 




mm 


Data Output Logic Levels 





n 

V 0 L 

Logic ‘O’ 

Iout = 400 juA 





VoH 

Logic ‘1’ 

IOUT = — 10 jutA 

V DD - 0.5 




VOH 

Logic T 

IOUT = — 500 

2.8 



V 

l|N 

Input Currents DATA IN, 
CLOCK ENABLE, BLANK 

Vin = 0V or Vdd 

-10 

■ 

n 

fiA 

C|N 

Input Capacitance DATA IN, 
CLOCK ENABLE, BLANK 



■ 

15 

PF 


Display Output Impedances 

Vdd = 5.5V, v ss = 0V 



■M 


Roff 

Output Off (Figure 3a) 

V D |S= -10V 

55 


1 

k n 



Vdis = -20V 

60 


m3M 

k n 



Vdis = -30 V 

65 


400 

kn 

Ron 

Output On (Figure 3b) 

V D | S = -lov 


700 

800 

n 



Vdis = -20 V 


600 

750 

n 



Vdis = -30 V 


500 

680 

n 

VdOL 

Display Output Low Voltage 

Vdd = 5.5V, Iout — Open Circuit, 

-30V ^ v D is ^ -iov 

Vdis 

■ 

Vpis + 2 

m 

Note 1: 74LSTTL Vqh = 2.7V @ Iqut - ~400 jxA, TTL Vqh = 2.4V @ Iqut = ~400 jmA. 
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AC Electrical Characteristics t a = -wcto + 85 *c, v DD = sv ±o.sv 


Clock Input 
Frequency 
High Time 
Low Time 





Data Output 

C L = 50 pF 


CLOCK Low to Data Out 


l CDO 

Time 




Note 2: For timing purposes, the signals ENABLE and BLANK can be considered to be totally independent of each other. 
Note 3: AC input waveform specification for test purposes: t r , tf £ 20 ns, f = 800 kHz, 50% ±10% duty cycle. 

Note 4: Clock input rise and fall times must not exceed 5 jus. 


Connection Diagrams 

Dual-ln-Line Package 


OUTPUT 8 5 

OUTPUT 7 — 6 
OUTPUT 6 — 7 
OUTPUT 5 — 8 
OUTPUT 4 — 9 
OUTPUT 3 — 10 
OUTPUT 2 — 11 
OUTPUT 1 — 12 


- — C 

J 28 

2 

27 

3 

26 

4 

25 

5 

24 

6 

23 

7 

22 

8 

21 

9 

20 

10 

19 

11 

18 

12 

17 

13 

16 

14 

15 


28 — OUTPUT 12 
27 — OUTPUT 13 
26 — OUTPUT 14 
25 — OUTPUT 15 
24 — OUTPUT 16 
23 — OUTPUT 17 
22 — OUTPUT 18 
21 — OUTPUT 19 
20 — OUTPUT 20 
19 — BLANKING CONTROL 
18 — ENABLE 
17 —DATA OUT 
16— DATA IN 


Top View 
FIGURE 2 

Order Number MM58342N 
See NS Package Number N28B 


Plastic Chip Carrier 


t t 

=> => o </? => 13 => 

o o o > o o o 




4 

3 

2 1 28 

27 

26 



OUTPUT 8 - 

5 






25 

-OUTPUT 15 

OUTPUT 7- 

6 






24 

-OUTPUT 16 

OUTPUT 6- 

7 






23 

-OUTPUT 17 

OUTPUT 5- 

8 



MM58342V 



22 

-OUTPUT 18 

0UTPUT 4- 

9 






21 

-OUTPUT 19 

0UTPUT 3 — 

TO 






20 

- OUTPUT 20 

OUTPUT 2- 

11 






19 

— BUNKING CONTROL 



12 

13 

14 15 16 

17 

18 




- S 8 S S 5 3 
= > > § & ° < 
e= ° 5 & s 


Top View 

Order Number MM58342V 
See NS Package Number V28A 


Functional Description 

This product is specifically designed to drive multiplexed or 
non-multiplexed high voltage alphanumeric or dot matrix 
vacuum fluorescent (VF) displays. Character generation is 
done externally in the microprocessor, with a serial data 
path to the display driver. The MM58342 uses three signals, 
DATA IN, CLOCK and ENABLE, where ENABLE acts as an 
external load signal. Display blanking can be achieved by 
means of the BLANKING CONTROL input, and a logic ‘V 
will turn off all sections of the display. A block diagram of 
the MM58342 is shown in Figure 1. 


Figure 2 shows the pinout of the MM58342 device, where 
output 1 (pin 1 2) is equivalent to bit 1 (i.e., the first bit of data 
to be loaded into the shift register following ENABLE high). 
A logic ‘1 ’ at the input will turn on the corresponding display 
digit/segment/dot output. 

A significant reduction in discrete board components can be 
achieved by use of the MM58342, because external pull- 
down resistors are not required. Due to the nature of the 
output stage, both its on and off impedance values vary as a 
function of the display voltage applied. However, Figures 3a 
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Functional Description (Continued) 

and 3b show that this output impedance will remain con- 
stant for a fixed value of display voltage. 

Figure 4 demonstrates the critical timing requirements be- 
tween CLOCK and DATA IN for the MM58342. 

To clear (reset) the display driver at power on or any time, 
the following flushing routine may be used. With the enable 
signal high, clock in 20 zeroes. Drive the enable signal low 
and the display will be blank. It is recommended to clear the 
driver at power on. 

In Figure 5, the ENABLE signal acts as an envelope, and 
only while this signal is at a logic ‘1 ’ does the circuit accept 
CLOCK input signals. Data is transferred and shifted in the 
internal shift register on the rising clock edge, i.e., ‘O’-T 
transition. When the ENABLE signal goes low, the contents 


of the shift registers are latched, and the display will show 
new data. During data transfer, the display will show old 
data. DATA OUT is also provided on the MM58342 being 
output on the falling edge. At any time, the display may be 
blanked under processor control, using the BLANKING 
CONTROL input. 

Figure 6 shows a schematic diagram of a microprocessor- 
based system where the MM58342 is used to provide the 
grid drive for a 40-digit 2 line 5x7 multiplexed vacuum 
fluorescent (VF) display. The anode drive in this example is 
provided by another member of the high voltage display 
driver family, namely the MM58348, which does not require 
an externally generated load signal. 




FIGURE 3b. Output Impedance On 


TL/F/7925-4 


Timing Diagrams 


CLOCK 


h-tos-^r-tDH-*- - 

3E=i 


^£-50% \ p— tL— 


90 % 

10 % 


X 


For the purposes of AC measurement, Vm = 2.4V, V iL = 0.8V. 

FIGURE 4. Clock and Data Timings 
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LM565/LM565C Phase Locked Loop 


General Description 

The LM565 and LM565C are general purpose phase locked 
loops containing a stable, highly linear voltage controlled 
oscillator for low distortion FM demodulation, and a double 
balanced phase detector with good carrier suppression. The 
VCO frequency is set with an external resistor and capaci- 
tor, and a tuning range of 10:1 can be obtained with the 
same capacitor. The characteristics of the closed loop sys- 
tem-bandwidth, response speed, capture and pull in 
range — may be adjusted over a wide range with an external 
resistor and capacitor. The loop may be broken between the 
VCO and the phase detector for insertion of a digital fre- 
quency divider to obtain frequency multiplication. 

The LM565H is specified for operation over the - 55°C to 
+ 125°C military temperature range. The LM565CN is speci- 
fied for operation over the 0°C to + 70°C temperature range. 

Features 

■ 200 ppm/°C frequency stability of the VCO 

■ Power supply range of ±5 to ±12 volts with 
100 ppm/% typical 

■ 0.2% linearity of demodulated output 


■ Linear triangle wave with in phase zero crossings 
available 

■ TTL and DTL compatible phase detector input and 
square wave output 

■ Adjustable hold in range from ±1% to > ±60% 

Applications 

■ Data and tape synchronization 

■ Modems 

■ FSK demodulation 

■ FM demodulation 

■ Frequency synthesizer 

■ Tone decoding 

■ Frequency multiplication and division 

■ SCA demodulators 

■ Telemetry receivers 

■ Signal regeneration 

■ Coherent demodulators 


Connection Diagrams 


Metal Can Package 

+V CC 



PHASE COMPARATOR 
VCO INPUT 


TL/H/7853-2 

Order Number LM565H 
See NS Package Number H10C 


Dual-In-Line Package 


-V c , 

INPUT 

INPUT 

VCO 
OUTPUT 
PHASE COMPARATOR 
VCO INPUT 
REFERENCE 
OUTPUT 
VCO CONTROL 
VOLTAGE 



- NC 
-NC 
•NC 
-NC 

•♦V cc 

TIMING 
“ CAPACITOR 
„ TIMING 
RESISTOR 


TL/H/7853-3 


Order Number LM565CN 
See NS Package Number N14A 
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LM565/LM565C 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage ±12V 

Power Dissipation (Note 1 ) 1 400 mW 

Differential Input Voltage ± 1 V 


Operating Temperature Range 
LM565H 
LM565CN 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec.) 


— 55°C to + 1 25°C 
0°Cto +70°C 
— 65°C to + 1 50°C 
260°C 


Electrical Characteristics ac Test circuit, t a - 25 c, v cc = ± 6 v 


Parameter 

Conditions 

LM565 

LM565C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Power Supply Current 



8.0 



8.0 


mA 

Input Impedance (Pins 2, 3) 

— 4V < V 2 , V 3 < 0V 

7 

10 



5 


ka 

VCO Maximum Operating 
Frequency 

C 0 = 2.7 pF 

300 


■ 

mi 


■ 

kHz 

VCO Free-Running 

Frequency 

C 0 = 1.5 nF 

R 0 = 20 kH 
f 0 = 10 kHz 

-10 

■ 



0 

+ 30 

% 

Operating Frequency 
Temperature Coefficient 


■ 



■ 

-200 

■ 

ppm/°C 

Frequency Drift with 

Supply Voltage 


■ 



■ 

0.2 

1.5 

%/V 

Triangle Wave Output Voltage 



2.4 



2.4 

3 

v p-p 

Triangle Wave Output Linearity 



0.2 



0.5 


% 

Square Wave Output Level 


■a 

5.4 


mm 

mm 


V P-P 

Output Impedance (Pin 4) 



5 



5 


ka 

Square Wave Duty Cycle 



50 




60 

% 

Square Wave Rise Time 



20 





ns 

Square Wave Fall Time 



50 





ns 

Output Current Sink (Pin 4) 



1 



1 


mA 

VCO Sensitivity 

f 0 = 10 kHz 





6600 


Hz/V 

Demodulated Output Voltage 
(Pin 7) 

±10% Frequency Deviation 

250 

300 

400 

200 

300 

450 

mV p _p 

Total Harmonic Distortion 

±10% Frequency Deviation 



0.75 


0.2 

1.5 

% 

Output Impedance (Pin 7) 



BEfl 



3.5 


ka 

DC Level (Pin 7) 




4.75 

4.0 

4.5 


V 

Output Offset Voltage 
|V 7 - V 6 | 


I 


100 

■ 

50 


mV 

Temperature Drift of |V 7 - V 6 | 






500 


jxV/°C 

AM Rejection 


30 

40 



40 


dB 

Phase Detector Sensitivity Kq 



.68 



.68 


V/radian 


Note 1: The maximum junction temperature of the LM565 and LM565C is +150°C. For operation at elevated temperatures, devices in the TO-5 package must be 
derated based on a thermal resistance of +150°C/W junction to ambient or +45°C/W junction to case. Thermal resistance of the dual-in-line package is 
+ 85°C/W. 
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LM565/LM565C 
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LM565/LM565C 


Applications Information 

In designing with phase locked loops such as the LM565, 
the important parameters of interest are: 


FREE RUNNING FREQUENCY 
0.3 


fo ■ 


Bo C Q 


LOOP GAIN: relates the amount of phase change between 
the input signal and the VCO signal for a shift in input signal 
frequency (assuming the loop remains in lock). In servo the- 
ory, this is called the “velocity error coefficient.” 


Loop gain = K 0 K D 



K 0 = oscillator sensitivity 


r radians/sec ^ 


Kq = phase detector sensitivity 


volt 
volts \ 
radian/ 


The loop gain of the LM565 is dependent on supply voltage, 
and may be found from: 


K 0 K D = 


33.6 f 0 


f 0 = VCO frequency in Hz 

V c = total supply voltage to circuit 


Loop gain may be reduced by connecting a resistor be- 
tween pins 6 and 7; this reduces the load impedance on the 
output amplifier and hence the loop gain. 


HOLD IN RANGE: the range of frequencies that the loop will 
remain in lock after initially being locked. 



f 0 = free running frequency of VCO 
V c = total supply voltage to the circuit 


THE LOOP FILTER 

In almost all applications, it will be desirable to filter the 
signal at the output of the phase detector (pin 7); this filter 
may take one of two forms: 


Simple Lag Filter 



TL/H/7853-1 1 


Lag-Lead Filter 



A simple lag filter may be used for wide closed loop band- 
width applications such as modulation following where the 
frequency deviation of the carrier is fairly high (greater than 
10%), or where wideband modulating signals must be fol- 
lowed. 


The natural bandwidth of the closed loop response may be 
found from: 


fn 


_1_ KT Kp 
2 tt V RiCi 


Associated with this is a damping factor: 


1 

RiCiKpKo 

For narrow band applications where a narrow noise band- 
width is desired, such as applications involving tracking a 
slowly varying carrier, a lead lag filter should be used. In 
general, if 1 /R 1 C 1 < K 0 Kq, the damping factor for the loop 
becomes quite small resulting in large overshoot and possi- 
ble instability in the transient response of the loop. In this 
case, the natural frequency of the loop may be found from 



f = J_ fW 

n 27T V T-j + T2 

T i + r 2 = (Ri + R 2 ) C-| 

R 2 is selected to produce a desired damping factor 8, usual- 
ly between 0.5 and 1 .0. The damping factor is found from 
the approximation: 

S ~ it r 2 f n 

These two equations are plotted for convenience. 


Filter Time Constant vs Natural Frequency 



t % + r 2 (sec) 


TL/H/7853-1 3 

Damping Time Constant vs Natural Frequency 



TL/H/7853-1 4 


Capacitor C 2 should be much smaller than Ci since its func- 
tion is to provide filtering of carrier. In general C 2 ^ 0.1 C-|. 
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o r 


LM567/LM567C Tone Decoder 


General Description 

The LM567 and LM567C are general purpose tone decod- 
ers designed to provide a saturated transistor switch to 
ground when an input signal is present within the passband. 
The circuit consists of an I and Q detector driven by a volt- 
age controlled oscillator which determines the center fre- 
quency of the decoder. External components are used to 
independently set center frequency, bandwidth and output 
delay. 

Features 

■ 20 to 1 frequency range with an external resistor 

■ Logic compatible output with 100 mA current sinking 
capability 


■ Bandwidth adjustable from 0 to 14% 

■ High rejection of out of band signals and noise 

■ Immunity to false signals 

■ Highly stable center frequency 

■ Center frequency adjustable from 0.01 Hz to 500 kHz 

Applications 

■ Touch tone decoding 

■ Precision oscillator 

■ Frequency monitoring and control 

■ Wide band FSK demodulation 

■ Ultrasonic controls 

■ Carrier current remote controls 

■ Communications paging decoders 


Connection Diagrams 

Metal Can Package 

OUTPUT 



Order Number LM567H or LM567CH 
See NS Package Number H08C 


Dual-In-Line and Small Outline Packages 



TL/H/6975-2 

Top View 

Order Number LM567CM 
See NS Package Number M08A 
Order Number LM567CN 
See NS Package Number N08E 
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LM567, 


1 ^ 

CD 

ID 

3S 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply Voltage Pin 

Power Dissipation (Note 1) 

V 8 

V 3 

V 3 

Storage Temperature Range 


9V 

1100 mW 
15V 
-10V 
V 4 + 0.5V 
— 65°C to -f 150°C 


Operating Temperature Range 
LM567H — 55°C to + 125°C 

LM567CH, LM567CM, LM567CN 0°C to + 70°C 


Soldering Information 
Dual-In-Line Package 

Soldering (1 0 sec.) 260°C 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability** for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics ac Test circuit, t a = 25°c,v+ = sv 


Parameters 

Conditions 

LM567 1 

LM567C/LM567CM { 

Units 

Min 

Typ 

Max| 

Min 

Typ 

Max 




Power Supply Voltage Range 


H3 

5.0 

HE?! 

4.75 

5.0 

9.0 

V 

Power Supply Current 

Quiescent 

R L = 20k 


6 

8 


PP| 

10 

mA 

Power Supply Current 

Activated 

R l = 20k 


11 



D 

15 

mA 

Input Resistance 


o 

20 


15 

20 


kft 

Smallest Detectable Input Voltage 



20 

m 


20 

25 

mVrms 

Largest No Output Input Voltage 

l c = 100mA.fi = f 0 

E3 

15 


10 

15 


mVrms 

Largest Simultaneous Outband Signal to 
Inband Signal Ratio 



6 

■ 

■ 

6 


dB 

Minimum Input Signal to Wideband 

Noise Ratio 

B n = 140 kHz 


-6 

■ 

■ 

-6 


dB 

Largest Detection Bandwidth 


Q 

14 

■a 

10 

14 

18 

% of f 0 

Largest Detection Bandwidth Skew 



1 

2 


2 

3 

% of f 0 

Largest Detection Bandwidth Variation with 
Temperature 



±0.1 


■ 

±0.1 

■ 

%/°C 

Largest Detection Bandwidth Variation with 
Supply Voltage 

4.75 - 6.75V 


±1 


■ 

±1 

B 

%V 

Highest Center Frequency 


100 



100 



kHz 

Center Frequency Stability (4.75-5.75V) 


■ 


■ 




ppm/°C 



■ 


■ 




ppm/°C 

Center Frequency Shift with Supply Voltage 


■ 

0.5 

Rl 

IH 

0.4 

2.0 

%/V 





Run 



2.0 

%/V 

Fastest ON-OFF Cycling Rate 

) 


f o /20 



f o /20 



Output Leakage Current 

V 8 = 15V 


0.01 

E3 


0.01 

25 

julA 

Output Saturation Voltage 


■ 



■ 

0.2 

0.4 

y 


ElEEfflBBmm 

■ 



| 

0.6 

1.0 


Output Fall Time 


in 

30 



30 


ns 

Output Rise Time 


~1 

150 



150 


ns 


Note 1: The maximum junction temperature of the LM567 and LM567C is 150°C. For operating at elevated temperatures, devices in the TO-5 package must be 
derated based on a thermal resistance of 150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal 
resistance of 110°C/W, junction to ambient. For the Small Outline package, the device must be derated based on a thermal resistance of 160°C/W, junction to 
ambient. 

Note 2: Refer to RETS567X drawing for specifications of military LM567H version. 


4-134 













































































4-135 


LM567/LM567C 



LM567/LM567C 


Typical Performance Characteristics 


Typical Frequency Drift 



TEMPERATURE (°C) 


Typical Bandwidth Variation 


B 

ii 

ii 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

| 

■ 

■ 

■ 

■ 

■ 

■ 

a 

a 

n 

■ 

■ 

■ 

■ 

a 

5 

n 

s 

s 

3 

B 



B 

| 

■ 

■ 

■ 

■ 

■ 

wm 


E 

B 

ffl 

BE 

a 

i 

i 

5 


-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (“C) 


Typical Frequency Drift 



TEMPERATURE (*C) 


Typical Frequency Drift 



TEMPERATURE CO 


Bandwidth vs Input Signal 
Amplitude 



BANDWIDTH (%0F f 0 ) 



100 Ik 10k 100k 1M 

CENTER FREQUENCY (Hz) 


Detection Bandwidth as a 
Function of C2 and C3 



0 2 4 6 8 10 12 14 16 


BANDWIOTH (%OFf 0 ) 


Typical Supply Current vs 
Supply Voltage 



4 5 6 7 8 9 10 

SUPPLY VOLTAGE (V) 


Greatest Number of Cycles 
Before Output 



3 5 10 20 30 50 100 


8ANDWIDTH (% OF ( 0 ) 


Typical Output Voltage vs 



-75 -SO -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

TL/H/6975-4 
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Typical Applications (Continued) 

Oscillator with Quadrature Output 



LTL 

—IH 1 

"LTL 


M *R L > 1000ft 


Oscillator with Double Frequency Output 





iiruir * 
_rui_' 


Connect Pin 3 to 2.8V to Invert Output 


Precision Oscillator Drive 100 mA Loads 



_n_ru 


T c 


AC Test Circuit 


Applications Information 

The center frequency of the tone decoder is equal to the 
free running frequency of the VCO. This is given by 


► 2^4 K / TV 

! 1 1 


° 1.1 RiC-i 

The bandwidth of the filter may be found from the approxi- 
mation 


^ in 


BW = 1070 J— in % of f 0 


1 2 3 4 


- 02 1 .005 1 .01| I jy 

ixxrx 


C 3 C 2 


Vj = Input voltage (volts rms), Vj £ 200 mV 
C 2 = Capacitance at Pin 2 (jmF) 


fi = 100 kHz + 5V 
* Note: Adjust for f 0 = 100 kHz. 
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LM1596/LM1496 Balanced Modulator-Demodulator 


General Description 

The LM1596/LM1496 are doubled balanced modulator-de- 
modulators which produce an output voltage proportional to 
the product of an input (signal) voltage and a switching (car- 
rier) signal. Typical applications include suppressed carrier 
modulation, amplitude modulation, synchronous detection, 
FM or PM detection, broadband frequency doubling and 
chopping. 

The LM1596 is specified for operation over the -55°C to 
+ 1 25°C military temperature range. The LM1496 is speci- 
fied for operation over the 0°C to + 70°C temperature range. 


Features 

■ Excellent carrier suppression 
65 dB typical at 0.5 MHz 

50 dB typical at 10 MHz 

■ Adjustable gain and signal handling 

■ Fully balanced inputs and outputs 

■ Low offset and drift 

■ Wide frequency response up to 100 MHz 


Schematic and Connection Diagrams 


-OUTPUT -OUTPUT 



Metal Can Package 
V 



Top View 

Note: Pin 10 is connected electrically to the 
case through the device substrate. 

Order Number LM1496H or LM1596H 
See NS Package Number H08C 


Dual-In-Line and Small Outline Packages 


♦SIGNAL IN- 

1 

— 

14 

- V" 

GAIN ADJUST- 

2 

13 

- 

GAIN ADJUST- 

3 

12 

- -OUTPUT 

-SIGNAL IN- 

4 

11 

- 

BIAS — 

5 

10 

- -CARRIER INPUT 

♦OUTPUT - 

6 

9 

- 

— 

7 

8 

- +CARRIER INPUT 


TL/H/7887-3 

Order Number LM1496M or LM1496N 
See NS Package Number M14A or N14A 
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LM1596/LM1496 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales • Dual-In-Line Package 

Office/Distributors for availability and specifications. Soldering (1 0 seconds) 260‘C 

Internal Power Dissipation (Note 1) 500 mW . Small Outline Package 

Applied Voltage (Note 2) 30V Vapor Phase (60 seconds) 215‘C 

Differential Input Signal <V 7 - V 8 ) ±5.0V infrared (15 seconds) 220»C 

Differential InputSignal (V 4 V,) ±(5+l s R 0 )V See AN . 450 .' Surface Mounting Methods and their effects 

Input Signal (V 2 - Vi, V 3 - V 4 ) 5.0V on p ro duct Reliability” for other methods of soldering sur- 

Bias Current (I 5 ) 1 2 mA face mount devices. 

Operating T emperature Range LM 1 596 - 55°C to + 1 25°C 

LM1496 0°C to + 70°C 

Storage T emperature Range - 65°C to + 1 50°C 

Electrical Characteristics (T A = 25°C, unless otherwise specified, see test circuit) 

Parameter 

Conditions 

LM1596 

LM1496 

Units 


Efl 


ffflll 

PHI 


Carrier Feedthrough 

Vc = 60 mVrms sine wave 
fc = 1.0 kHz, offset adjusted 

Vc = 60 mVrms sine wave 
fc = 10 kHz, offset adjusted 

Vc = 300 mVpp square wave 
fc = 1.0 kHz, offset adjusted 

Vc = 300 mVpp square wave 
fc = 1 .0 kHz, not offset adjusted 

1 

40 

140 

0.04 

20 

0.2 

100 

1 

40 

' 

140 

0.04 

20 

0.2 

150 

jutVrms 

juVrms 

mVrms 

mVrms 

Carrier Suppression 

fs = 10 kHz, 300 mVrms 

fc = 500 kHz, 60 mVrms sine wave offset adjusted 
fs = 10 kHz, 300 mVrms 

fc = 10 MHz, 60 mVrms sine wave offset adjusted 

50 

65 

50 


50 

65 

50 

1 

dB 

dB 

Transadmittance Bandwidth 

R|_ = 50ft 

Carrier Input Port, Vc = 60 mVrms sine wave 
fs = 1.0 kHz, 300 mVrms sine wave 

Signal Input Port, Vs = 300 mVrms sine wave 

V 7 - V 8 = 0.5Vdc 

1 

300 

80 


1 

300 

80 

1 

MHz 

MHz 

Voltage Gain, Signal Channel 

Vs = 100 mVrms, f = 1.0 kHz 

V 7 — V 8 = 0.5 Vdc 

2.5 

3.5 


m 

3.5 

■ 


Input Resistance, Signal Port 

f = 5.0 MHz 

V 7 - V 8 = 0.5 Vdc 


200 




■ 


Input Capacitance, Signal Port 

f = 5.0 MHz 

V 7 - V 8 = 0.5 Vdc 


on 





H 

Single Ended Output Resistance 

f = 10 MHz 


0 






Single Ended Output 

Capacitance 

f = 10 MHz 





5.0 


PF 

Input Bias Current 

(h + U )/2 



m 


■a 


jliA 

Input Bias Current 

(i 7 + y /2 


0 

m 


0 


EMI 

Input Offset Current 

(h - 14) 


Ea 

El 


WVM 



Input Offset Current 

(ly - la) 


m 

HEl 


B 3 B 1 

Kl»l 


Average Temperature 

Coefficient of Input 

Offset Current 

(— 55°C < T a < + 1 25°C) 

(0°C < T a < + 70°C) 

1 

2.0 

■ 

l 

2.0 

■ 

B 

Output Offset Current 

da - 19 ) 


14 

E 3 I 


0 


jxA 

Average Temperature 

Coefficient of Output 

Offset Current 

(-55°C<T a < + 1 25°C) 

(0°C < T A < +70°C) 

1 

90 

■ 

l 

90 

■ 

nA/°C 

nA/°C 
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Typical Application and Test Circuit 

Suppressed Carrier Modulator 




TL/H/7887-6 

This figure shows the LM1596 used as a single sideband (SSB) suppressed carrier demodulator (product detector). The carrier signal is applied to the carrier input 
port with sufficient amplitude for switching operation. A carrier input level of 300 mVrms is optimum. The composite SSB signal is applied to the signal input port 
with an amplitude of 5.0 to 500 mVrms. All output signal components except the desired demodulated audio are filtered out, so that an offset adjustment is not 
required. This circuit may also be used as an AM detector by applying composite and carrier signals in the same manner as described for product detector 
operation. 





Typical Applications (Continued) 


Broadband Frequency Doubler 


♦12 Vdc 



The frequency doubler circuit shown will double low-level signals with low distortion. The value of C should be chosen for low reactance at the operating frequency. 
Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching differential amplifier. Levels to 50 mV peak 
may be used with some distortion of the output waveform. If a larger input signal is available a resistive divider may be used at the carrier input, with full signal 
applied to the signal input. 
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LM1865 


National Semiconductor 


LM1865 Advanced FM IF System 

General Description 

Reduced external component cost, improved performance, 
and additonal functions are key features to the LM1865 FM 
IF system. The LM1865 is designed for use in electronically 
tuned radio applications. It contains both deviation and sig- 
nal level stop circuitry in addition to an open-collector stop 
output. The LM1865 generates a reverse AGC voltage (ie: 
decreasing AGC voltage with increasing signal). 

Features 

■ On-chip buffer to provide gain and terminate two ce- 
ramic filters 

■ Low distortion 0.1% typical with a single tuned quadra- 
ture coil for 100% modulation. 

■ Broad off frequency distortion characteristic 

■ Low THD at minimum AFT offset 


Block Diagram 



FIGURE 1 


■ Meter output proportional to signal level 

■ Stop detector with open-collector output 

■ Adjustable signal level mute/stop threshold, controlled 
either by ultrasonic noise in the recovered audio or by 
the meter output 

■ Adjustable deviation mute/stop threshold 

■ Separate time constants for signal level and deviation 
mute/stop 

■ Dual threshold AGC eliminates need for local/distance 
switch and offers improved immunity from third order in- 
termodulation products due to tuner overload 

■ User control of both AGC thresholds 

■ Excellent signal to noise ratio, AM rejection and system 
limiting sensitivity 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage, Pin 1 7 16V 

Package Dissipation (Note 1 ) 2.0W 

Storage T emperature Range - 55°C to + 1 50°C 

Operating T emperature Range - 20°C to + 85°C 

Max Voltage on Pin 1 6 (Stop Output) 1 6V 


Soldering Information 
Dual-1 n-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics 

Test Circuit, Ta = 25°C, V+ = 12V; SI in position 2; S2 in position 1; and S3 in position 2 unless indicated otherwise 

Parameter Conditions Min Typ Max 

STATIC CHARACTERISTICS 

Supply Current 
Pin 9, Regulator Voltage 

Operating Voltage Range 

Pin 18, Output Leakage Current 
Pin 16, Stop Low Output Voltage 
Pin 16, Stop High Output Leakage Current 
Pin 1 5, Audio Output Resistance 
Pin 1 , Buffer Input Resistance 
Pin 3, Buffer Output Resistance 
Pin 20, Wide Band Input Resistance 
Pin 8, Meter Output Resistance 
DYNAMIC CHARACTERISTICS f M OD = 400Hz,f o = 10.7 MHz, Deviation = ±75 kHz 


(See Note 2) 


Pin 20 Open, V|p = 0, S3 in Position 1 


SI in Position 1 , S2 in Position 3 


S2 in Position 2, VI 4 = V9 

Measured at DC 
Measured at DC 


Measured at DC 


-3 dB Limiting Sensitivity 


Buffer Voltage Gain 


Recovered Audio 


Signal-to-Noise 


AM Rejection 


Minimum Total Harmonic Distortion 


THD at Frequency where VI 4 = V9 
(Zero AFT Offset) 

THD ±10 kHz from Frequency where VI 4 = 


AFT Offset Frequency for Low 
Stop Output at Pin 16 


Ultrasonic Mute/Stop Level Threshold 


IF Only (See Note 3) 


Vin Pin 1 = 10 mVrms at 10.7 MHz 


V| F = 10 mVrms, VI 4 = V9 


V|p =10 mVrms, VI 4 = V9 (See Note 4) 


V14 = V9 

V| F = 1 mV, 30% AM Mod 
V| F = 10 mV, 30% AM Mod 


V| F = 10 mV 


V| F = 10 mV, Tune until VI 4 = V9 


Vif = 10 mV, S2 in Position 3, f^oD = 0 
Offset = (Frequency for Pin 16 Low) - 
(Frequency where VI 4 = V9) 


VI 4 = V9, SI in Position 3 (See Note 5) 
V| F = 10 mV 
fMOD = 100 kHz 
S2 in Position 3 

Amount of Deviation where VI 6 — ► Low 



4-145 


LM1865 

































































LM1865 


Electrical Characteristics Test Circuit, Ta = 25 °c, V+ = 12V; SI in position 2; S2 in position 1; and S3 in 
position 2 unless indicated otherwise (Continued) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DYNAMIC CHARACTERISTICS f M OD = 400 Hz, f 0 = 1 0.7 MHz, Deviation = ± 75 kHz (Continued) 

Pin 13 Mute/Stop Threshold Voltage 

VI 4 = V9, SI in Position 4 

S2 in Position 3 

VI 3 where VI 6 — > Low 


220 

■ 

mV 

Amount of Muting (LM1 965 Only) 

S2 in Position 4, SI in Position 1 , V| F = 10 mV 


66 


dB 

Amount of Muting with Pin 1 3 and 

SI in Position 1 


0 


dB 

Pin 16 Grounded 

V14, = V9, V| F = 10 mV 





Narrow Band AGC Threshold 

Increase IF Input until 1 agc = 0.1 mA 

Pin 20 = 30 mVrms 


210 

300 


Wide Band AGC Threshold 

V|p = 100 mVrms 

Increase Signal to Pin 20 until Iagc = 0.1 mA 

5 

12 

22 

mVrms 

Pin 18, Low Output Voltage 
(LM1865 and LM1 965 only) 

V| N Pin 20 = 100 mV, V !F = 100 mVrms 


0.2 

0.5 

V 

Pin 18, High Output Voltage (LM2065 only) 

V|n Pin 20 = 100 mV, V| F = 100 mVrms, (See Note 6) 


11.7 


V 

Pin 8, Meter Output Voltage 

V| F = 10 juV 


0.1 


V 


V| F = 300 ju,V 


1.1 


V 


V| F = 3 mv 


2.6 


V 


Note 1: Above Ta = 25°C derate based on Tj( ma x) = 150°C and 0 ja = 60°C/W. 

Note 2: All data sheet specifications are for V+ = 12V may change slightly with supply. 

Note 3: When the IF is preceded by 22 dB gain in the buffer, excellent system sensitivity is achieved. 

Note 4: Measured with a notch at 60 Hz and 20 Hz to 100 kHz bandwidth. 

Note 5: FM modulate RF source with a 100 kHz audio signal and find what modulation level, expressed as kHz deviation,, results in VI 6 — ► 12V. 

Test Circuit 


12V 
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Typical Performance Characteristics (from Test circuit) 


FM Limiting Characteristics 
and AM Rejection 



IF INPUT VOLTAGE ( M V) 

%THD vs OFF Tuning 
(Single Tuned Quadrature 
Coil) 



AMOUNT OF OFF TUNING (kHz) 
(0 CORRESPONDS T0 10.7 MHz) 


I 

=» 

o 

SB 

E 

Z 


Pin 8, Meter Output Voltage 
vs IF Input Level 




1 1 1 




R 

-OAO — 

10k J 





J 

f 





4 





7 







f 





1 10 100 Ik 10k 100k 

IF INPUT VOLTAGE (pV) 


Deviation Mute/Stop 
Threshold as a Function of 



0 5k 10k 15k 20k 25k 


LOAD RESISTANCE 
(BETWEEN PINS 9 AND 14) (0) 


FM Limiting Characteristics 



IF INPUT VOLTAGE ( M V) 


Supply Current vs 
Supply Voltage 



PIN 17 SUPPLY VOLTAGE (V) 


Pin 14, AFT Current 



(0 CORRESPONDS T0 10.7 MHz) 


Coils and ceramic filters are available from: 


Toko America 
1250 Feehanville Drive 
Mount Prospect, IL 60056 
(312) 297-0070 


Murata 

2200 Lake Park Drive 
Smyrna, GA 30080 
(404) 436-1300 


TL/H/7509-3 


I 
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Application Circuit 


(LM1865 AND LM2Q65 J 
ONLY) | 


(EITHER/OR) 

JTptcferred method)] r .TO meter] 

I , I I 'output I 

I m I \<m i 

1 R9 0.01^ | 1 >» I 

I 12k | | I (I I 

Ir^ 1 iiii; id 

I | |£f“ -n 1 

I I 


1I-C9 

^£N5mF 

rfp. 


I R6 ■ 

14 |l3 

112 25k It! 


BUF A8C V + STOP OUT AUDIO AFT LEVEL MUTE/ QUAO 
GND OUT OUT MUTE/STOP STOP COIL 

THRESHOLO FILTER 


BUFFER BUF BUF IF IF IF POWER IF I 

INPUT DECOUPLE OUT DECOUPLE IN DECOUPLE BNP METER Vbb OUT | 


iUUi 

| JOTJMtJ 


ciii- jj?* 'T 0 ® 

o.oi /• f-t- 10k f fb 


1C External Components (See Application Circuit) 


Component 

Cl 

C2 

C3,C4 

C5 

C6 

C7 

C8 

C9 

CIO 

C11 

Cl 2 

Cl 3 

R1 

R2, R3 

R4 

R5 

R6 

R7 

R8 

R9 


CF1.CF2 


Typical Value 

0.01 jmF 
0.01 jaF 
0.01 jmF 
lOjitF 
0.01 jmF 
50 jmF 
2.2 jmF 
5 jmF 

0.1 jmF 
0.01 jmF 
25 jmF 
0.01 ix F 

Tuner Dependent 

Tuner Dependent 

Meter Dependent 

5k1 

25k 

5k 

10k Pot 
12k 


10k 

50k 

3k9 

62ft 

18jmHQ u >50@ 10.7 MHz 
TDK Electronics 
TP041 0-1 80K or equivalent 
r Q u >70 @ 10.7 MHz, L to 
J I resonate w/82 pF @ 10.7 MHz 
TOKO KAC-K2318HM or 
» — I equivalent 

1 TL/H/7509-5 

Murata SFE10.7ML or equivalent 


Comments 

AC coupling for wide band AGC input 

Buffer and AGC supply decoupling 

IF decoupling capacitors 

Meter decoupling capacitor 

AC coupling for IF output 

Regulator decoupling capacitor, affects S/N floor 

Level mute/stop time constant 

AFT decoupling, affects stop time 

Disables noise mute/stop 

AC coupling for noise mute/stop threshold adjust 

Supply decoupling 

AGC output decoupling capacitor 

Wide band AGC threshold adjust 

Gain set and bias for IF; R2 + R3 = 330ft to terminate ceramic filter 

Sets full-scale on meter 

Deviation mute/stop window adjustment 

Mute/stop filter, affects stop time 

Level mute/stop threshold adjustment 

Level mute/stop threshold adjustment 

Noise mute/stop threshold adjustment, decrease resistor for lower 
S/N at threshold, for optimum performance over temp, and gain varia- 
tion, set this resistor value so that the signal level mute/stop threshold 
occurs in the radio at 45dB S/N (±3 dB) in mono. 

Load for open-collector stop output 

AGC output load resistor for open-collector output 

Sets Q of quadrature coil affecting THD, S/N and recovered audio 

Optimises minimum THD 

Sets signal swing across quadrature coil, High Q is important to mini- 
mize effect variation of Q has on both minimum THD and AFT offset. 

10.7 MHz quadrature coil: Qui_ > 70 


10.7 MHz ceramic resonators provide selectivity; good group delay 
characteristics important for low THD of system 
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Typical Application 

LAYOUT CONSIDERATIONS 

Although the pinout of the LM1865 has been chosen to min- 
imize layout problems, some care is required to insure sta- 
bility. The ground terminal on CF1 should return to both 


the input signal ground and the buffer ground, pin 19. The 
ground terminal on CF2 should return to the ground side of 
C4. The quadrature coil T1 and inductor LI should be sepa- 
rated from the input circuitry as far as possible. 


PC Layout (Component Side) 


ri I 


PERFORMANCE CHARACTERISTICS OF TYPICAL 
APPLICATION WITH TUNER 

The following data was taken using the typical application 
circuit in conjunction with an FM tuner with 43 dB of gain, a 


5.5 dB noise figure, and 30 dB of AGC range. The tuner was 
driven from a 50H source. 75 jas of de-emphasis was used 
on the audio output, pin 15. The 0 dB reference is for ±75 
kHz deviation at 400 Hz modulation. 


Meter Output and 
Signal-to-Noise 
vs Tuner Input 


EEOIU 


Total Harmonic Distortion vs 
Tuner Input 


IBS! 


AM Rejection vs Tuner 
Input 


0.1 1 10 100 Ik 10k 100k 1000k 

0.1 1 

10 100 Ik 10k 100k 1000k 

0.1 1 

10 100 Ik 10k 100k 1000k 

TUNER INPUT (pV) 


TUNER INPUT (pV) 


TUNER INPUT ( M V) 





TL/H/7509-7 

-3 dB limiting = 0.9 j mV 

30 dB quieting = 1.4 /xV 

Level stop/mute threshold = 1.4 j nV 

Deviation mute window (-3 dB) = ±45 kHz 
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Application Notes 

ADJUSTABLE MUTE/STOP THRESHOLD 

The threshold adjustments for the mute and stop functions 
are controlled by the same pins. Thus, the term mute/stop 
will be used to designate either function. 

The adjustable mute/stop threshold in the LM1865 allows 
for user programming of the signal level at which muting or 
stop indication takes place. The adjustment can be made in 
two mutually exclusive ways. The first way is to take a volt- 
age divider from the meter output (pin 8) to the off channel 
mute input (pin 13). When the voltage at pin 13 falls below 
0.22V, an internal comparator is tripped causing muted or 
causing the stop output to go low. Adjustment of the voltage 
divider ratio changes the signal level at which this happens. 
The second method of mute/stop detection as a function of 
signal level is to use the presence of ultrasonic noise in the 
recovered audio to trip the internal comparator. As the sig- 
nal level at the antenna of the radio drops, the amount of 
noise in the recovered audio, both audible and ultrasonic, 
increases. 

The recovered audio is internally coupled through a high 
pass filter to pin 13 which is internally biased above the 
comparator trip point. Large negative-going noise spikes will 
drive pin 13 below the comparator trip point and cause 
mute/stop action. A simplified circuit is shown in Figure 4. 
Since the input to the comparator is noise, the output of the 
comparator is noise. Consequently, a mute/stop filter on pin 
12 is required to convert output noise spikes to an average 
DC value. This filter is not necessary if pin 1 3 is driven from 
the meter. 

Adjustment of the mute/stop threshold in the noise mode is 
accomplished by adjusting the pole of the high pass filter 
coupled to the comparator input. This is done with a series 
capacitor/resistor combination, R9 C11, from pin 13 to 
ground. As the pole is moved higher in frequency (i.e., R9 
gets smaller) more ultrasonic noise is required in the recov- 
ered audio in order to initiate mute/stop action. This corre- 


sponds to a weaker signal at the antenna of the radio. In 
choosing the correct value for R9 it is important to make 
sure that recovered audio below 75 kHz is not sufficient to 
cause mute/stop action. This is because stereo and SCA 
information are contained in the audio signal up to 75 kHz. 
Also note that the ultrasonic mute/stop circuit will not oper- 
ate properly unless a tuner is connected to the IF. This is 
because, at low signal levels, the noise at the tuner output 
dominates any noise sources in the 1C. Consequently, driv- 
ing the 1C directly with a 50ft generator is much less noisy 
than driving the 1C with a tuner and therefore not realistic. 
The RC filter on pin 12 not only filters out noise from the 
comparator output but controls the “feel” when manually 
tuning. For example, a very long time constant will cause 
the mute to remain active if you rapidly tune through valid 
strong stations and will only release the mute if you slowly 
tune to a valid station. Conversely, a short time constant will 
allow the mute to kick in and out as one tunes rapidly 
through valid stations. 

The advantage in using the noise mute/stop approach ver- 
sus the meter driven approach is that the point at which 
mute/stop action occurs is directly related to the signal-to- 
noise ratio in the recovered audio. Furthermore, the mute/ 
stop threshold is not subject to production and temperature 
variations in the meter output voltage at low signal levels, 
and thus might be able to be set without a production ad- 
justment of the radio. The noise mute/stop threshold is very 
insensitive to temperature and gain variations. Proper oper- 
ation of this circuit requires that the signal level mute/stop 
threshold be set at a signal level that achieves 45 dB S/N 
(±3 dB) in mono, in a radio. In an electronically tuned radio, 
the signal level stop threshold can be set to a much larger 
level by gain reducing the tuner (ie. pulling the AQC line) in 
scan mode and then releasing the AGG once the radio 
stops on a station. In an environment where temperature 
variations are minimal and manual adjustment of the signal 
level mute/stop threshold is desired, then the meter driven 
approach is the best alternative. 



TL/H/7509-8 

FIGURE 4. Simplified Level Mute/Stop Circuit 
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Application Notes (Continued) 

STOP TIME 

An electronically tuned radio (ETR) pauses at fixed intervals 
across the FM band and awaits the stop indication from the 
LM1865. If within a predetermined period of time, no stop 
indication is forthcoming, the controller circuit concludes 
that there is no valid station at that frequency and will tune 
to the next interval. There are several time constants that 
can affect the amount of time it takes the LM1 865 to output 
a valid stop indication on pin 16. In this section each time 
constant will be discussed. 

Deviation Stop Time Constant 

An offset voltage is generated by the AFT if the LM1865 is 
tuned to either side of a station. Since deviation stop detec- 
tion in the LM1865 is detected by the voltage at pin 14, it is 
important that this voltage move fast enough to make the 
deviation stop decision within the time allowed by the con- 
troller. The speed at which the voltage at pin 1 4 moves is 
governed by the RC time constant, R5 C9. This time con- 
stant must be chosen long enough to remove recovered 
audio from pin 14 and short enough to allow for reasonable 
stop detection time. 

Signal Level Stop Using Ultrasonic Noise Detection 

As previously mentioned, the R6 C8 time constant on pin 1 2 
is necessary to filter the noise spikes on the output of the 
internal comparator in the LM1865. This time constant also 
determines the level stop time. When the voltage at pin 1 2 
is above a threshold voltage of about 0.6V, the stop output 
is low. The maximum voltage at pin 12 is about 0.8V. The 
level stop time is dominated by the amount of time it takes 
the voltage at pin 12 to fall from 0.8V to 0.6V. The voltage at 
pin 12 follows an exponential decay with RC time constant 
given by R6 C8. For example if R6 = 25k and C8 = 2.2 juF 
the stop time is given by 

t= -(24k)(2.2 M F)/n(5|) 

which yields t = 15 ms. It should be noted that the 0.6V 
threshold at pin 12 has a high temperature dependence and 
can move as much as 1 00 mV in either direction. 


Signal Level Stop Using the Meter Output, Pin 8 

As mentioned previously, R6 G8 is not necessary when the 
meter output is used to drive pin 13. Consequently, this time 
constant is not a factor in determining the stop time. Howev- 
er, the speed at which the meter voltage can move may 
become important in this regard. This speed is a function of 
the resistive load on pin 8 and filter capacitance, C5. 

AGC Time Constant 

In tuning from a strong station to a weaker station above the 
level stop threshold, the AGC voltage will move in order to 
try to maintain a constant tuner output. The AGC voltage 
must move sufficiently fast so that the tuner is gain in- 
creased to the point that the level stop indicates a valid 
station. This time constant is controlled by R11 and Cl 3. 

DISTORTION COMPENSATION CIRQUIT 

The quadrature detector of the LM1865 has been designed 
with a special circuit that compensates for distortion gener- 
ated by the non-linear phase characteristic of the quadra- 
ture coil. This circuit not only has the effect of reducing dis- 
tortion, but also desensitizes the distortion as a function of 
tuning characteristic. As a result, low distortion is achieved 
with a single tuned quad coil without the need for a double 
tuned coil which is costly and difficult to adjust on a produc- 
tion basis. The lower distortion has been achieved without 
any degradation of the noise floor of the audio output. Futh- 
ermore, the compensation circuit first-order cancels the ef- 
fect of quadrature coil Q on distortion. 

When measuring the total harmonic distortion (THD) of the 
LM1865, it is imperative that a low distortion RF generator 
be used. In the past it has been possible to cancel out dis- 
tortion in the generator by adjustment of the quadrature coil. 
This is because centering the quadrature coil at other than 
the point of inflection on the S-curve introduces 2nd har- 
monic distortion which can cancel 2nd harmonic distortion 
in the generator. Thus low THD numbers may have been 
obtained wrongly. Large AFT offsets asymmetrical off tuning 
characteristic, and less than minimum THD will be observed 
if alignment of the quadrature coil is done with a high distor- 
tion RF generator. 

Care must also be taken in choosing ceramic filters for the 
LM1865. It is important to use filters with good group delay 
characteristics and wide enough bandwidth to pass enough 
FM sidebands to achieve low distortion 
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The LM1865 has been carefully designed to insure low AFT 
offset current at the point of minimum THD. AFT offset cur- 
rent will cause a non-symmetric deviation mute/stop win- 
dow about the point of minimum THD. No external AFT off- 
set adjustment should be necessary with the LM1865. The 
amount of resistance in series with the 18 juH quadrature 
coil drive inductor, LI, has a significant effect on the mini- 
mum THD. This series resistance is contributed not only by 
R13 but also by the Q of LI. The Q of LI should be as high 
as possible (ie: Q>50) in order to avoid production prob- 
lems with the Q variation of LI. Once R13 has been opti- 
mized for minimum THD, adjustment on a radio by radio 
basis should be un-necessary. 

DU AL THRESHOLD AGO 
(AUTOMATIC LOCAL/DISTANCE SWITCH) 

There is a well recognized need in the field for gain reducing 
(AGCing) the front end (tuner) of an FM receiver. This gain 
reduction is important in preventing overload of the front 
end which might occur for large signal inputs. Overloading 
the front end with two out-of-band signals, one channel 
spacing apart and one channel spacing from center fre- 
quency, or, two channel spacings apart and two channel 
spacings from center frequency, will produce a third order 
intermodulation product (IM 3 ) which falls inband. This IM 3 
product can completely block out a weaker desired station. 
The AGO in the LM1865 has been specially designed to 
deal with the problem of I M 3 . 


With the LM1865 system, a low AGC threshold is achieved 
whenever there are strong out-of-band signals that might 
generate an interfering IM 3 product, and a high AGC thresh- 
old is achieved if there are no strong out-of-band signals. 
The high AGC threshold allows the receiver to obtain its 
best signal-to-noise performance when there is no possibili- 
ty of an I M 3 product. The low AGC threshold allows for 
weaker desired stations to be received without gain-reduc- 
ing the tuner. It should be noted that when the AGC thresh- 
old is set low, there will be a signal-to-noise compromise, 
but is assumed that it is more desirable to listen to a slightly 
noisy station than to listen to an undesired I M 3 product. The 
simplified circuit diagram {Figure 5) of the AGC system 
shows how the dual AGC thresholds are achieved. 

V m — IV corresponds to a fixed in-band signal level (de- 
fined as Vnb) at the tuner output. Vnb will be referred to as 
the “narrow band threshold”. Vwb also corresponds to a 
fixed tuner output which can either be an in-band or out-of- 
band signal. This fixed tuner output will be called the “wide 
band threshold”. Always Vwb > V NB- R H and Cl 3 define 
the AGC time constant. A reverse AGC system is shown. 
This means that Vagc decreases to gain-reduce the tuner. 
The LM1865 AGC output is an open-collector current 
source capable of sinking at least 1 mA. 



h = GM! V m only if V m > IV 
otherwise l-| = 0 


Gm i. v wb = constants 


Ugc = Gm 2 V 0 where Gm 2 = l-j/26 mV and 
V Q > Vwb otherwise Iagc = 0 
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Application Notes (Continued) 

First examine what happens with a single in-band signal as 
we vary the strength of this signal. Figures 6 and 7 illustrate 
what happens at the tuner and AGC outputs. 



FIGURE 7 


In Figure 7 there is no AGC output until the tuner output 
equals the wide band threshold. At this point both SW2 and 
SW1 are closed and the AGC holds the tuner output in Fig- 
ure 6 relatively constant. 

Another simple case to examine is that of the single out-of- 
band signal. Here there is no AGC output even if the signal 
exceeds Vwb- There is no output because the ceramic fil- 
ters prevent the out-of-band signal from getting to the input 
of the IF. With no signal at the IF input there is no meter 
output and SW1 is open, which means No AGC. 

Figures 8 and 9 illustrate what happens at the tuner and 
AGC outputs when the strength of an in-band signal is var- 
ied in the presence of a strong out-of-band signal (i.e., 
greater than Vwb) which is held constant at the tuner input. 
For this example, the in-band signal at the tuner output will 
be referred to as Vq (desired signal), and the out-of-band 
signal as Vud (undesired signal). 

In Figure 9, we see that there is no AGC output until the 
tuner output exceeds the narrow band threshold, Vnb- At 
this point V m > 1 V and SW1 closes. Further increase of the 
desired signal at the tuner input results in an AGC current 
that tries to hold the desired signal at the tuner output con- 
stant. This gain reduction of the tuner forces the undesired 
signal at the tuner output to fall. At the point that Vud reach- 
es the wide band threshold, no further gain reduction can 
occur as V 0 would fall below Vwb (refer to Figure 5). At this 
point, control of the AGC shifts from the meter output 
(narrow band loop) to the out-of-band signal (wide band 
loop). Here Vud is held constant along with the AGC 



Prime indicates referenced to tuner input 
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voltage, while Vp is allowed to increase. Vp will increase 
until it reaches the level of the wide band threshold at the 
tuner output. When this occurs Vud is no longer needed to 
keep V 0 > Vwb as Vp takes over the job. Thus Vud will 
drop as the amount of AGC increases, while Vp is held con- 
stant by the AGC. u 

When compared to the simple case of a single in-band sig- 
nal, we see that because of the presence of a strong out-of- 
band signal, AGC action has occurred earlier. For the simple 
case, AGC started when Vq ^ V W b- For the two signal case 
above, AGC started when Vp ^ Vnb- Thus, the LM1865 
achieves an early AGC when there are strong adjacent 
channels that might cause IM 3 , and a later AGC when these 
signals aren’t present. 

For the range of signal levels that the tuner was gain-re- 
duced and Vq < Vwb there was loss in signal-to-noise in 
the recovered audio as compared to the case where there 
was no gain reduction in this interval. Note, however, that 
the tuner is not desensitized by the AGC to weak desired 
stations below the narrow band threshold. 


NARROW BAND AGC THRESHOLD ADJUSTMENT 

Both the narrow band and wide band AGC thresholds are 
user adjustable. This allows the user to optimize the AGC 
response to a given tuner. Referring to Figure 5, when the 
meter output exceeds 1 V a comparator closes SW1 . A sim- 
plified circuit diagram of this comparator is shown in Figure 
10 . 

The IK resistor in seriOs with pin 8 allows for an upward 
adjustment of the narrow band threshold. This is accom- 
plished by externally loading pin 8 with a resistor. Figure 11 
illustrates how this adjustment takes place. 

From Figure 1 1 it is apparent that loading the meter output 
not only moves the narrow band threshold, but also de- 
creases the meter output for a given input. 

In general one chooses the narrow band threshold 
based on what signal-to-noise compromise is considered 
acceptable. 
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WIDE BAND AGC THRESHOLD ADJUSTMENT 

There are a number of criteria that determine where the 
wide band threshold should be set. If the threshold is set too 
high, protection against IM 3 will be lost. If the threshold is 
set too low, the front end, under certain input conditions, 
may be needlessly gain-reduced, sacrificing signal-to-noise 
performance. Ideally, the wide band threshold should be set 
to a level that will insure AGC operation whenever there are 
out-of-band signals strong enough to generate an I M 3 prod- 
uct of sufficient magnitude to exceed the narrow band 
threshold. Ideally, this level should be high enough to allow 
for a single in-band desired station to AGC the tuner, only 
after the maximum signal-to-noise has been achieved. 

In order to insure that the wide band loop is activated when- 
ever the IM 3 exceeds the narrow band threshold, Vnb, de- 
termine the minimum signal levels for two out-of-band sig- 
nals necessary to produce an IM 3 equal to Vnb- Then, ar- 
range for the wide band loop to be activated whenever the 
tuner output exceeds the rms sum of these signals. There 
are many combinations of two out-of-band signals that will 
produce an IM 3 of a given level. However, there is only one 
combination whose rms sum is a minimum at the tuner out- 
put. IM 3 at the tuner output is given according to the 
equation: 

IM 3 = aVuDi 2 V UD 2 (assuming no gain reduction) (1 ) 
where a = constant dependent on the tuner; 

v udi = out-of-band signal 400 kHz from center frequen- 
cy, applied to tuner input; 


V UD 2 = out-of-band signal 800 kHz from center frequen- 
cy and 400 kHz away from Vudi. applied to tun- 
er input. 

In general, due to tuned circuits within the tuner, the tuner 
gain is not constant with frequency. Thus, if the tuner is kept 
fixed at one frequency while the input frequency is changed, 
the output level will not remain constant. Figure 12 illus- 
trates this. 

It can be shown that for a given I M 3 , the combination of 
Vudi and Vud 2 that produces the smallest rms sum at the 
tuner output is given by the equations: 


( S ? 2 ?) 14 


(2) 

(3) 


Therefore, in order to guarantee that the AGC will be keyed 
for an IM 3 = Vnb we need only satisfy the condition: 


* h« (ifrF * ts* ) v t 


The right hand term of equation (4) defines an upper limit for 
V W b called Vwbul- Vwbul is the rms sum of all the signals 
at the tuner output for two out-of-band signals, Vudi and 
Vud 2 [as expressed in equations (2) and (3)], applied to the 
tuner input. 


TUNER GAIN 



Define A = tuner gain at center frequency 
A1 = tuner gain at / 0 + 400 kHz 
A2 = tuner gain at f 0 + 800 kHz 

FIGURE 12 


TL/H/7509-14 
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In order to make the calculation in equation (4), the con- 
stants a, A1 , A2 must first be determined. This is done by 

the following procedure: 

1 . Connect together two RF generators and apply them to 
the tuner input. Since the generators will terminate each 
other, remove the 50ft termination at the tuner input. 

2. Connect a spectrum analyzer to the tuner output. Most 
spectrum analyzers have 50ft input impedances. To 
make sure that this impedance does not load the tuner 
output use a FET probe connected to the spectrum ana- 
lyzer. The tuner output should be terminated with a ce- 
ramic filter. 

3. Disconnect the AGC line to the tuner. Make sure that the 
tuner is not gain-reduced. 

4. Adjust the two RF generators for about 1 mV input and to 
frequencies 400 kHz and 800 kHz away from center fre- 
quency (i Figure 13). 

5. Note the three output levels in volts. 

6 . Knowing the tuner input levels for Vudi and Vyo2 and 
the resulting IM3 just measured, “a” is calculated from 
the formula: 


V UD1 2V UD2 

where all levels are in volts rms. A typical value for “a” 
might be 2 x 10 6 . 

7. A1 and A2 are calculated according to the following for- 
mulas 


If the wide band threshold was set to Vwbul. then when a 
single in-band station reached the level Vwbul at the tuner 
output, AGC action would start to take place. For this rea- 
son it is hoped that Vwbul is above the level that will allow 
for maximum signal-to-noise. If, however, this is not the 
case, consideration might be given to improving the inter- 
modulation performance of the tuner. 

The lower limit for Vwb is the minimum tuner output that 
achieves the best possible signal-to-noise ratio in the recov- 
ered audio. In general, it is desirable to set Vwb closer to 
the upper limit rather than the lower limit. This is done to 
prevent AGC action within the narrow band loop except 
when there is a possibility of an I M3 greater than Vnb- 
The wide band threshold at the pin 20 input to the LM1865 
is fixed at 12 mVrms. Generally speaking, if pin 20 were 
driven directly from the tuner output. Vwb would be too low. 
Therefore, in general, pin 20 is not connected directly to the 
tuner output. Instead the tuner output is attenuated and then 
applied to pin 20. Increasing attenuation increases the wide 
band threshold, Vwb- 

Pin 20 has an input impedance at 10.7 MHz that can be 
modeled as a 500ft resistor in series with a 1 9 pF capacitor, 
giving a total impedance of 940ft L— 58°. Thus an easy way 
to attenuate the input to pin 20 is with the arrangement 
shown in Figure 14. 

Notice that pin 20 must be AC coupled to the tuner output 
and that Cl is a bypass capacitor. R1 adjusts the amount of 
attenuation to pin 20. The wide band threshold will roughly 
increase by a factor of (R1 + 940ft)/940ft. 


A1 = 


A2 = 


VI 

V| N | 

|/o + 400 kHz 
V2 

V, N 

f 0 + 800 kHz 


AGC CIRCUIT USED AS A CONVENTIONAL AGC 

If for some reason the dual AGC thresholds are not desired, 
it is easy to use the LM1865 as a more conventional 
LM3189 type of AGC. This is accomplished by AC coupling 
the pin 20 input after the ceramic filters rather than before 
the filters. Thus, as with the LM3189, only in-band signals 
will be able to activate the AGC. 



/o = 10.7 MHz 

TL/H/7509-15 

FIGURE 13. Spectrum Analyzer Display of Tuner Output 



TL/H/7509-16 

FIGURE 14. Wide Band Threshold Adjustment 
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Advanced FM IF System 






LM1868 



N a t 


ional Semiconductor 


LM1868 AM/FM Radio System 


General Description 

The combination of the LM1868 and an FM tuner will pro- 
vide all the necessary functions for a 0.5 watt AM/FM radio. 
Included in the LM 1868 are the audio power amplifier, FM 
IF and detector, and the AM converter, IF, and detector. 
The device is suitable for both line operated and 9 V battery 
applications. 


Features 

■ DC selection of AM/FM mode 

■ Regulated supply 

■ Audio amplifier bandwidth decreased in AM mode, 
reducing amplifier noise in the AM band 

■ AM converter AGC for excellent overload 
characteristics 

■ Low current internal AM detector for low tweet radiation 


Block Diagram 

C9 Cl 2 



See NS Package Number N20A 


Note: See table for coil data 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Storage Temperature Range -55°Cto + 150°C 

please contact the National Semiconductor Sales Operating Temperature Range 0°Cto+70°C 

Office/Distributors for availability and specifications. Lead Temperature (Soldering. 10 sec.) 260°C 

Supply Voltage (Pin 19) 15V 

Package Dissipation 2.0W 

Above Ta = 25°C, Derate Based on 
Tj(MAX) = 150°C and 0 ja = 60°C/W 

Electrical Characteristics Test Circuit, Ta = 25°C, Vs = 9V, R(_ = 8fl (unless otherwise noted) 


Conditions 



Operating Voltage Range 


DYNAMIC CHARACTERISTICS— AM MODE 

f AM = 1 MHz, fmod ~ 1 kHz, 30% Modulation, SI in Position 1 , Pq = 50 mW unless noted 


Maximum Sensitivity 


Signal-to-Noise 
Detector Output 


Measure eAM for Po = 50 mW, 
Maximum Volume 


e AM = 1 mV 

Measure at Top of Volume Control 



Overload Distortion 

Total Harmonic Distortion (THD) 

e AM = 50 mV, 80% Modulation 

e AM = 10 mV 


2 

1.1 

10 

2 


% 

% 

DYNAMIC CHARACTERISTICS— FM MODE f FM = 10.7 MHz, f mod = 400 Hz, Af = 

±75 kHz, Pq = 50 mW, Si in Position 1 



-3 dB Limiting Sensitivity 
Signal-to-Noise Ratio 


Detector Output 


AM Rejection 


Total Harmonic Distortion (THD) 



e FM = lOmV.Af = ±22.5 kHz 
Measure at Top of Volume Control 


epM = 10 mV, 30% AM Modulation 


e F M = 10 mV 



45 

J*V 


dB 

85 

mV 


dB 


DYNAMIC CHARACTERISTICS— AUDIO AMPLIFIER ONLY f = 1 kHz, e A M = 0, e FM = 0, SI in Position 2 


Power Output 


THD = 10%, R L 8fl 
V s = 6V 
V S = 9V 




Typical Performance Characteristics (Test Circuit) All curves are measured at audio output 

Quiescent Supply Current 

vs Voltage FM Limiting Characteristics FM IF AM Rejection 


FM IF AM Rejection 




| " 50 \ Af 3 ± 75 kHi I p" 

§ l> = 400Hz 1 * 

o -60 h 3Q% AM MODULATION - 


8 10 12 14 16 

SUPPLY VOLTAGE (V) 


10 100 Ik 10k 100k 

IF INPUT VOLTAGE (mV) 


10 100 Ik 10k 100k 

IF INPUT VOLTAGE (juV) 
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Typical Performance Characteristics (Continued) 

All curves are measured at audio output (Test Circuit) 



Recovered Audio vs Supply 
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FM Performance (88 MHz- 1 08 MHz) AM Performance (525 kHz- 1 650 kHz) 

• 30 dB quieting sensitivity: 3.5 jxV • Maximum sensitivity: 100 p,V/m 

• -3 dB limiting sensitivity: 7 p,V • 20 dB quieting sensitivity: 250 ju,V/m 

• Tweet* worst case: 5% 

100 mV/m: 1.5% 

*Tweet is an audio tone produced by the 2nd and 3rd harmonic of the IF 
beating against the received signal. It is measured as an equivalent modu- 
lation level: i.e., a 30% tweet has the same amplitude at the detector as a 
desired signal with 30% modulation. 
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Typical Application 










1C External Components (Application Circuit) 


Component 

Typical 

Value 

Comments 

Cl 

100 pF 

Removes tuner LO from IF input 

02 

0.1 jaF 

Antenna coupling capacitor 

C4, C5 

0.01 jxF 

FM IF decoupling capacitors 

C6, C9 

0.005 ju,F ] 

1 AM smoothing/FM de-emphasis 

R5 

Ik J 

[ network, de-emphasis pole is 
given by. 



« - \ 



/ R4 R6 \ 



2 .(C6 + C9)( R4 + R6 ) 

CIO 

IOjliF 

Regulator decoupling capacitor 

C11 

0.1 jmF 

Regulator decoupling capacitor 

Cl 2 

IOjliF 

AC coupling to volume control 

Cl 3 

0.1 /xF 

Power supply decoupling 

C14 

50 /xF 

Power supply decoupling 

C15 

0.1 ju,F 

Audio amplifier input coupling 

R7 

3k 1 

1 Roll off signals from detector in 

Cl 6 

0.001 /xF J 

I the AM band to prevent radiation 

Cl 7 

100 jutF 

Power amplifier feedback 
decoupling, sets low frequency 
supply rejection 

R8 

16k 

AM detector bias resistor 


Component 

Typical 

Value 

Comments 

R9 

240k 

1 Set AGC time constant 

C19 

1 ju.F 

I 

07 

IOjxF 

IF coupling 

C8 

0.1 julF 

IF coupling 

C20 

0.1 jlxF 

1 High frequency load for audio 

R10 

5fl 

J amplifier, required to stabilize 
audio amplifier 

C21 

250 jxF 

Output coupling capacitor 

R1 

6k2 

Sets Q of quadrature coil, 
determining FM THD and 
recovered audio 

R2 

12k 

IF amplifier bias R 

R3 

5k6 

Sets gain of AM IF and Q of AM 
IF output tank 

R4 

10k 

Detector load resistor 

R6 

50k 

Volume control 

C18 

0.02 /xF 

Power supply decoupling 

R11, R12 

150H 

Terminates the ceramic filter, 
biases FM IF input stage 

D1 

1N4148 

Optional. Quickens the AGC 
response during turn on 


Coil and Tuning Capacitor Specifications 


Cl AM ANT 1 40 pF max 5.0 pF min 

AM OSC 82 pF max 5.0 pF min 
Trimmers 5 pF 
LI 640 /xH, Q u = 200 

R P = 3k5 @ F = 796 kHz 
(At secondary) 

L0, L2 360 jmH, Qy > 80 @ F= 796 kHz 



TL/H/7909-9 


FM 20 pF max 4.5 pF min T1 

TOKO CY2-22124PT 

AM antenna 

1 mV/meter induces 

approximately 100 j uV 

open circuit at the secondary 

TOKO RWO-6A5105 or 

equivalent ^ 

Toko America 

1250 Feehanville Drive 

Mount Prospect, IL 60056 

(312) 297-0070 


X 


■14T ^!82pF 

V 


TL/H/7909-10 



Q u > 70 @ 10.7 MHz, L to 
resonate w/82 pF @ 10.7 MHz 
TOKO KAC-K2318 or equivalent 


Q u > 14 @455 kHz, L to 
resonate w/ 180 pF @ 455 kHz 
TOKO 1 59GC-A3785 or 
equivalent 


L4 SWG #20, N = 3V 2 T, inner 
diameter = 5 mm 
L5 SWG #20, N = 3y 2 T, inner 
diameter = 5 mm 

L6 L = 0.44 juH, N = 4 y 2 T, Qu = 70 

L7 SWG #20, N = 2 y 2 T, inner 

diameter = 5 mm 

CF2 1 0.7 MHz ceramic filter Murata 

MURATA SFE 1 0.7 mA or 2200 Lake Park Drive 

equivalent Smyrna, GA 30080 

(404) 436-1300 


TL/H/7909-1 1 


CF1 


T3 



TOKO CFU-090D or equivalent 
BW > 4.8 kHz @ 455 kHz 


TL/H/7909-1 3 
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Layout Considerations 


Circuit Description (See Equivalent Schematic) 


AM SECTION 

Most problems in an AM radio design are associated with 
radiation of undesired signals to the loopstick. Depending 
on the source, this radiation can cause a variety of problems 
including tweet, poor signal-to-noise, and low frequency os- 
cillation (motor boating). Although the level of radiation from 
the LM1868 is low, the overall radio performance can be 
degraded by improper PCB layout. Listed below are layout 
considerations association with common problems. 

1 . Tweet: Locate the loopstick as far as possible from de- 
tector components C6, C9, R4, and R5. Orient C6, C9, R4, 
and R5 parallel to the axis of the loopstick. Return R8, C6, 
C9, and Cl 9 to a separate ground run (see Typical Applica- 
tion PCB). 

2. Poor Signal-to-Noise/Low Frequency Oscillation: 

Twist speaker leads. Orient RI O and C20 parallel to the axis 
of the loopstick. Locate Cl 1 away from the loopstick. 




TL/H/7909-14 


In general, radiation results from current flowing in a loop. In 
case 1 this current loop results from decoupling detector 
harmonics at pin 1 7; while in case 2, the current loop results 
from decoupling noise at the output of the audio amplifier 
and the output of the regulator. The level of radiation picked 
up by the loopstick is approximately proportional to: 1) 1 /r3; 
where r is the distance from the center of the loopstick to 
the center of the current loop; 2) SIN 0, where 0 is the angle 
between the plane of the current loop and the axis of the 
loopstick; 3) I, the current flowing in the loop; and 4) A, the 
cross-sectional area of the current loop. 

Pickup is kept low by short leads (low A), proper orientation 
(0 = 0 so SIN 0 « 0), maximizing distance from sources to 
loopstick, and keeping current levels low. 


FM SECTION 


AM SECTION 

The AM section consists of a mixer stage, a separate local 
oscillator, an IF gain block, an envelope detector, AGC cir- 
cuits for controlling the IF and mixer gains, and a switching 
circuit which disables the AM section in the FM mode. 
Signals from the antenna are AC-coupled into pin 7, the 
mixer input. This stage consists of a common-emitter ampli- 
fier driving a differential amp which is switched by the local 
oscillator. With no mixer AGC, the current in the mixer is 
330 julA; as the AGC is applied, the mixer current drops, 
decreasing the gain, and also the input impedance drops, 
reducing the signal at the input. The differential amp con- 
nected to pin 8 forms the local oscillator. Bias resistors are 
arranged to present a negative impedance at pin 8. The 
frequency of oscillation is determined by the tank circuit, the 
peak-to-peak amplitude is approximately 300 pA times the 
impedance at pin 8 in parallel with 8k2. 

After passing through the ceramic filter, the IF signals are 
applied to the IF input. Signals at pin 1 1 are amplified by two 
AGC controlled common-emitter stages and then applied to 
the PNP output stage connected to pin 13. Biasing is ar- 
ranged so that the current in the first two stages is set by 
the difference between a 250 ju,A current source and the 
Darlington device connected to pin 12. 

When the AGC threshold is exceeded, the Darlington device 
turns ON, steering current away from the IF into ground, 
reducing the IF gain. Current in the IF is monitored by the 
mixer AGC circuit. When the current in the IF has dropped 
to 30 jutA, corresponding to 30 dB gain reduction in the IF, 
the mixer AGC line begins to draw current. This causes the 
mixer current and input impedance to drop, as previously 
described. 

The IF output is level shifted and then peak detected at 
detector cap Cl . By loading Cl with only the base current of 
the following device, detector currents are kept low. Drive 
from the AGC is taken at pin 14, while the AM detector 
output is summed with the FM detector output at pin 17. 

FM SECTION 

The FM section is composed of a 6-stage limiting IF driving 
a quadrature detector. The IF stages are identical with the 
exceptions of the input stage, which is run at higher current 
to reduce noise, and the last stage, which is switched OFF 
in the AM mode. The quadrature detector collectors drive a 
level shift arrangement which allows the detector output 
load to be connected to the regulated supply. 


The pinout of the LM1868 has been chosen to minimize 
layout problems, however some care in layout is required to 
insure stability. The input source ground should return to C4 
ground. Capacitors Cl 3 and Cl 8 form the return path for 
signal currents flowing in the quadrature coil. They should 
connect directly to the proper pins with short PC traces (see 
Typical Application PCB). The quadrature coil and input cir- 
cuitry should be separated from each other as far as possi- 
ble. 

AUDIO AMPLIFIER 

The standard layout considerations for audio amplifiers ap- 
ply to the LM1868, that is: positive and negative inputs 
should be returned to the same ground point, and leads to 
the high frequency load should be kept short. In the case of 
the LM1868 this means returning the volume control ground 
(R6) to the same ground point as Cl 7, and keeping the 
leads to C20 and R10 short. 


AUDIO AMPLIFIER 

The audio amplifier has an internally set voltage gain of 120. 
The bandwidth of the audio amplifier is reduced in the AM 
mode so as to reduce the output noise falling in the AM 
band. The bandwidth reduction is accomplished by reducing 
the current in the input stage. 

REGULATOR 

A series pass regulator provides biasing for the AM and FM 
sections. Use of a PNP pass device allows the supply to 
drop to within a few hundred millivolts of the regulator out- 
put and still be in regulation. 
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National Semiconductor 


LM1893/LM2893 Carrier-Current Transceiver! 


General Description 

Carrier-current systems use the power mains to transfer in- 
formation between remote locations. This bipolar carrier- 
current chip performs as a power line interface for half-du- 
plex (bi-directional) communication of serial bit streams of 
virtually any coding. In transmission, a sinusoidal carrier is 
FSK modulated and impressed on most any power line via a 
rugged on-chip driver. In reception, a PLL-based demodula- 
tor and impulse noise filter combine to give maximum range. 
A complete system may consist of the LM1893, a COPStm 
controller, and discrete components. 

Features 

■ Noise resistant FSK modulation 

■ User-selected impulse noise filtering 

■ Up to 4.8 kBaud data transmission rate 

■ Strings of 0’s or 1 ’s in data allowed 

■ Sinusoidal line drive for low RFI 


■ Output power easily boosted 10-fold 

■ 50 to 300 kHz carrier frequency choice 

■ TTL and MOS compatible digital levels 

■ Regulated voltage to power logic 

■ Drives all conventional power lines 

Applications 

■ Energy management systems 

■ Home convenience control 

■ Inter-office communication 

■ Appliance control 

■ Fire alarm systems 

■ Security systems 

■ Telemetry 

■ Computer terminal interface 


Typical Application 



TL/H/6750-1 

FIGURE 1. Block diagram of carrier— current chip with a complement of discrete components making a complete 
Fq= 125 kHz, f data = 360 Baud transceiver. Use caution with this circuit— dangerous line voltage is present. 


tCarrier-Current Transceivers are also called Power Line Carrier (PLC) transceivers. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Supply voltage 30 V 

Voltage on pin 12 55 V 

Voltage on pin 1 0 (Note 1 ) 41V 

Voltage on pins 5 and 17 40 V 

5.6 V DC zener current 1 00 m A 

Junction temperature: transmit mode 1 50°C 

receive mode 1 25°C 

Electro-Static Discharge (1 20 pF, 1 500ft) 1 KV 


Maximum continuous dissipation, Ta= 25°C, 
plastic DIP N (Note 2): transmit mode 
receive mode 

Operating ambient temp, range 
Storage temperature range 
Lead temp., soldering, 7 seconds 


1.66 W 
1.33 W 
-40 to 85°C 
—65 to 150°C 
260°C 


Note: Absolute maximum ratings indicate limits beyond 
which damage to the device may occur. Electrical specifica- 
tions are not ensured when operating the device above 
guaranteed limits but below absolute maximum limits, but 
there will be no device degradation. 


General Electrical Characteristics 

(Note 3). The test conditions are: V + = 18V and Fq= 125 kHz, unless otherwise noted. 



Parameter 

Conditions 

Typical 

Test 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Limit 

Units 

1 

5.6 V Zener voltage, \i z 

Pin 11, lz — 2 mA 




V min. 

V max. 

2 

5.6 V Zener resistance, Rz 

Pin 11, Rz = (Vz@10 mA-Vz@1 mA)/(10mA-1 mA) 

1 5 1 



ft 

3 

Carrier I/O peak survivable 
transient voltage, Vot 

Pin 10, discharge 1 jxF cap. charged to Vot 
thru <1ft 

ma 



V max. 

4 

Carrier I/O clamp voltage, Vqc 

Pin 10, l O c=10 mA, RX mode 

2N2222 diode pin 8 to 9 





5 

Carrier I/O clamp resistance, Rio 

Pin 10, l oc =10mA 

20 



ft 

6 

TX/^X low input voltage, Vil 

Pin 5 

1.8 

0.8 


V max. 

7 

TX/RX high input voltage, Vih 

Pin 5 (Note 9) 

2.2 

2.8 


V min. 

8 

TX/RX low input current, Ijl 

Pin 5 at 0.8 V 

-2 



fiA min. 
jxA max. 

H 

TX/RX high input current, Iih 

Pin 5 at 40 V 



O 

ju,A min. 
fiA max. 

E> 

RX-TX switch-over time, Trj 

Time to develop 63% of full current drive thru pin 10 

10 




11 

TX - RX switch-over time, Tjr 

1 bit time, Tb= 1 /(2Fdata)- Time t TR is user 
controlled with Cm, see Apps. Info. 

2 




12 

ICO initial accuracy of Fo 

TX mode, Rq = 6.65 kft, Co = 560 pF 

F 0 = (Fi + F 2 )/2 


■■ 


kHz min. 
kHz max. 

13 

ICO temperature coefficient of Fq 

TX or RX mode, (Fomax-FominVCTjmax-Tjmin) 

-100 



PPM/°C 

14 

Temperature drift of Fq 

TX or RX mode, — 40 <. Tj <. Tjmax 

±2.0 


±5.0 

% max. 


Transmitter Electrical Characteristics (Note 3). The test conditions are: V+ = 18 V and Fo= 125 kHz 

unless otherwise noted. The transmit center frequency is Fq, FSK low is F 1( and FSK high is F 2 . 



Parameter 

Conditions 

Typical 

Test 
Limit 
(Note 4) 

Design 
Limit 
(Note 5) 

Limit 

Units 

15 

Supply voltage, V+, range 

Meets test 1 7 spec, at Tj = 25°C and: 



15 

V min. 



|(F! [14V] - Fi [1 8V])/F! [1 8V] | <0.01 



23 

V max. 



j(F-) [24V] - Fi [1 8V])/F-| [1 8V] | <0.01 

mm 





Total supply current, Iqj 

Pin 1 5. Pin 12 high. Iqj is Iq through 

H||H| 

79 


mA max. 



pin 1 5 and the average current Iq D c of the 







Carrier I/O through pin 1 0 






Carrier I/O output current, Iq 

100ft load on pin 10 

L_ 70 1 

45 


mApp min. 

18 

Carrier I/O lower swing limit, Valc 

Pin 1 0. Set internally be ALC. 




V min. 



2N2222 diode pin 8 to 9 




V max. 

19 

THD of l 0 (Note 6) 

Q of 1 0 tank driving 1 0ft line 

0.6 


5.0 

% max. 



1 00ft load, no tank 

5.5 


9 

% max. 

20 

FSK deviation, F 2 - F r 

(F 2 — Fi)/([F 2 +F,]/2) 

4.4 

3.7 


% min. 





5.2 


% max. 

21 

Data In. low input voltage, V iL 

Pin 17 

1.7 

0.8 


V max. 

22 

Data In. high input voltage, V|r 

Pin 17 (Note 9) 

2.1 

2.8 


Vmin. 

23 

Data In. low input current, l||_ 

Pin 17 at 0.8 V 

-1 

-10 


fiA min. 





1 


juAmax. 

24 


Pin 17 at 40 V 


-1 

O 

ix A min. 




10-4 

10 


jxA max. 
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Receiver Electrical Characteristics (Note 3>. The test conditions are: v+=is v, f 0 = 125 kHz, ±2.2%’ 

deviation FSK, Fdata = 2.4 kHz, V|n = 1 00 mVpp, in the receive mode, unless otherwise noted. 






Test 

Design 

Limit 

Units 

# 

Parameter 

Conditions 

Typical 

Limit 

Limit 





(Note 4) 

(Note 5) 


Supply voltage, V + , range 

Functional receiver (Note 7) 

12 


13.5 

V min. 




37 


28 

V max. 


Supply current, Iqt 

Iqt is pin 1 5 (V + ) plus pin 1 0 

11 

5 


mA min. 



(Carrier I/O) current. 2.4 kfl Pin 13 to GND. 


14 


mA max. 

27 

Carrier I/O input resistance, Rio 

Pin 10 

19.5 

14 


kft min. 





30 


kil max. 

28 

Max. data rate, F^q 

Functional receiver (Note 7), Cp = 100 pF, 

Rp = OH, no tank, 

2.4 kHz = 4.8 kBaud 

10 

4.8 

m 

kBaud 

29 

PLL capture range, F c 

Cp = 1 00 pF, Rp = 0 n 

±40 

±15 

±10 

% min. 

30 

PLL lock range, Fl 

Cp = 1 00 pF, Rp = 0 n 

±45 

±15 


% min. 

31 

Receiver input sensitivity, Sin 

For a functional receiver (Note 8) 

Referred to chip side (pin 10) 

1.8 

10 

12 

mV RMS 



of the line-coupling XFMR: Fq = 50 kHz 

2.0 



mV RMS 



F 0 = 300 kHz 

1.4 



mV RMS 



Referred to line side of XFMR: 

0.26 



mV RMS 



(assuming a 7.07:1 XFMR) Fo = 50kHz 

0.29 



mV RMS 



F 0 = 300 kHz 

0.20 



mV RMS 

32 

Tolerable input dc voltage offset 
range, V| NDC 

Pin 1 0 lower than pin 1 5 by Vindc 

2 

0.1 

, 

V max. 

33 

Data Out. breakdown voltage 

Pin 12, leakage 1^20 /xA 

70 

55 


V min. 

34 


Pin 1 2, sat. voltage at Iol = 2 mA 

0.15 

0.4 


V max. 

35 

Impulse noise filter current, i| 

Pin 1 3 charge and discharge current 

±55 

±45 


fiA min. 





±85 


fxA max. 

36 

Offset hold cap. bias voltage, Vqm 

Pin 6 

2.0 

1.3 


V min. 





3.5 


V max. 

37 

Offset hold capacitor max. drive 

Pin 6. V(pin 3) - V(pin 4) = ± 250 mV 


±25 


fiA min. 


current, I MC m 



±80 


fiA max. 

38 

Offset hold bias current, Iohb 

Pin 6, TX mode. Bias pin 6 as it self- 


-20 

-40 

nA min. 



biased during test 31 . 

■ 


40 

nA max. 

39 

Phase comparator current, Ipc 

Bias pins 3 and 4 at 8.5 V 




\x A min. 



Ipc = Kpin 3) + l(pin 4), TX mode 

■ 



/aA max. 

40 

Phase detector output resistance, 

Pins 3 and 4. 

| 



kft min. 


Rpd 

R PD = (V@1 00/aA - V@50/aA)/(50/aA) 




kH max. 

41 

Phase detector demodulated output 

Pin 3 to 4, measured after filtering 


60 


mVpp min. 


voltage, Vpo 

out the 2Fo component 


180 


mVpp max. 

42 

Fast offset cancel voltage “window” 

VpiN3“VpiN4 = - ^window + DC offset 

■ 



V/V min. 


-tO-VpQ ratio, Vyy/VpD 

Drive for ± 1 /aA pin 6 current 




V/V max. 

m 

Power supply rejection, PSRR 

C L = 0.1 /aF. PSRR = CMRR. 120 Hz 

80 

L. 


dB min. 


Note 1: More accurately, the maximum voltage allowed on pin 10 is Voc> and Vqc ranges from 41 to 50V. Also, transients may reach above 60V; see the transient 
peak voltage characteristic curve. 


Note 2: The maximum power dissipation rating should be derated for device operation above 25°C to insure that the junction temperature remains below the 
maximum rating. Use a 0 ja of 75°C/W for the N package using a socket in still air (which is the worst case). Consult the Application Information section for more 
detail. 

Note 3: The boldface values apply over the full junction temperature range for the specified supply voltage range. All other numbers apply at Ta = T j = 25°C: Pin 
numbers refer to LM1893. LM2893 tested by shorting Carrier In to Carrier Out and testing it as an LM1893. 

Note 4: Guaranteed and 100% production tested. 

Note 5: Guaranteed (but not 100% production tested) over the temperature and supply voltage ranges. These limits are not used to calculate outgoing quality 
levels. 

Note 6: Total harmonic distortion is measured using THD= [Irms (all components at or above 2 Fo)]/[Irms (fundamental)]. 

Note 7: Receiver function is defined as the error-free passage of 1 cycle of 50% duty-cycle 2.4 kHz square-wave data (2 sequential 208 /aS bits), with the first bit 
being a “1 All of the data transitions (edges) must fall within ± 1 0% ( ± 20.8 /as) of their noise-free positions. RX time delay is minimized by using no impulse noise 
filter cap. C| for this test. 

Note 8: During the sensitivity check, note 7 requirements are followed with these exceptions: (1) data rate Fdata = 1 - 2 kHz, (2) all of the data transitions must fall 
within ±20% (±41.6 /as) of their noise-free positions, and (3), a time-domain filter capacitor (C|) is used. The time delay of C| is y 2 bit, or 208 /as. (C| is 
approximately 6200 pF). 

Note 9: For TTL compatibility use a pull-up resistor to increase min. Vqh to above 2.8 V. 
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Valc-ALC MIN SWING VOLTAGE (V) PULSE VOLTAGE (V) Iqdc-AVERAGE CURRENT (TX) (mA) Iqt-TOTAL CURRENT (mA) 


Typical PcrformancG Characteristics (v+ =i8v, fq = 125 kHz, circuit of Figure /.pin numbers tor 

LM1893) 


Total Current Consumption, 
Iq T , vs Supply Voltage 



0 10 20 30 40 50 

V + -SUPPLY VOLTAGE (V) 


Total Current Consumption, 
Iqt» vs Junction Temperature 
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Tj -JUNCTION TEMPERATURE (°C) 


Chip Bias Current, 



-10 0 10 20 30 40 50 

V + -SUPPLY VOLTAGE (V) 


Chip Bias Current, Iq, 
vs Junction Tempurature 



Output Stage DC Current, 
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Tj-JUNCTION TEMPERATURE (°C) 


Output Stage DC Current, 

■odc,vs 

Junction Temperature 



Tj-JUNCTION TEMPERATURE (°C) 


Transient Voltage Survival 
vs Pulse Time 



10~ 6 10“ 4 10~ 2 10 ° 10 2 
PULSE TIME (SEC0N0S) 


Transmitter AC Output Current 
vs Junction Temperature 
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Tj-JUNCTION TEMPERATURE (°C) 


Transmitter Sinusoid THD 
vs Junction Temperature 



-60 - 30 0 30 60 90 120 150 
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ALC Voltage vs 
Junction Temperature 
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ICO Frequency vs 
Junction Temperature 
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Transmitter FSK Deviation 
vs Junction Temperature 
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Typical Performance Characteristics (Continued) 


Maximum Data Rate vs 
Junction Temperature 


Receiver Sensitivity vs 
Junction Temperature 


PLL Lock Range vs 
Junction Temperature and Fq 




MAX. l 0 ATA COMPONENT VALUES. 

F 0 = 125,300 kHz Ioata = 2.4 kHz' 
Fp = SO kHz Iqata = 1.2 kHz 
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PLL Capture & Lock Range vs 
Junction Temperature 


Receiver Sensitivity vs 
PLL Lock Range and Fq 


Receiver Sensitivity vs 

PLL Lock Range and Loop Filter 
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Voltage vs Junction 
Temperature 
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Offset Hold Cap. Charge 
Currents vs Junction 
Temperature 
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Application Information 


Dual-ln-Line Package 


THE DATA PATH 

ICO CAP 1 — 

1 

T T 

18 

The BI-LINEtm chip serves as a power line interface in the 
carrier-current transceiver (CCT) system of Figure 3. Figure 

ICO CAP 2 — 

2 


17 

4 shows the interface circuit now discussed. The controller 

PLL OUTER 1 — 

3 


16 

may select either the transmit (TX) or receive (RX) mode. 

PLL FILTER 2 — 

4 


15 

Serial data from the controller is used to generate a FSK- 
modulated 50 to 300 kHz carrier on the line in the TX mode. 

TX/ffiSf SELECT — 

5 

LM1893 

14 

In the RX mode line signal passes through the coupling 

OFFSET HOLD CAP — 

6 


13 

transformer into the PLL-based receiver. The recreated seri- 

ALC STABIUTY — 

7 


12 

al bit stream drives the controller. 

100ST EMITTER — 

8 


11 

With the 1C in the TX mode (pin 5 a logic high), baseband 
data to 5 kHz drive the modulator’s Data In pin to generate 

BOOST BASE — 

9 


10 


triangle-wave, current-controlled oscillator to ±2.2% devia- 
tion. The tri-wave passes through a differential attenuator 
and sine shaper which deliver a current sinusoid through an 
automatic level control (ALC) circuit to the gain of 200 cur- 
rent output amplifier. Drive current from the Carrier I/O de- 
velops a voltage swing on Ti’s {Figure 4) resonant tank 
proportional to line impedance, then passes through the 
step-down transformer and coupling capacitor Cc onto the 
line. Progressively smaller line impedances cause reduced 
signal swing, but never clipping-thus avoiding potential radio 
frequency interference. When large line impedances threat- 
en to allow excessive output swing on pin 10, the ALC 
shunts current away from the output amplifier, holding the 
voltage swing constant and within the amp’s compliance 
limit. The amplifier is stable with a load of any magnitude or 
phase angle. 

In the RX mode (pin 5 a logic low), the TX sections on the 
chip are disabled. Carrier signal, broad-band noise, transient 
spikes, and power line component impinge of the receiver’s 
input highpass filter, made up of Cc and T-j, and the tank 
bandpass filter. In-band carrier signal; band-limited noise, 
heavily attenuated line frequency component, and attenuat- 
ed transient energy pass through to produce voltage swing 
on the tank, swinging about the positive supply to drive the 
Carrier I/O receiver input. The balanced Norton-input limiter 
amplifier removes DC offsets, attenuates line frequency, 
performs as a bandpass filter, and limits the signal to drive 
the PLL phase detector differentially. The differential de- 
modulated output signal from the phase detector, contain- 
ing AC and DC data signal, noise, system DC offsets, and a 
large twice-the-carrier-frequency component, passes 
through a 3-stage RC lowpass filter to drive the offset can- 
cel circuit differentially. The offset cancelling circuit works 
by insuring that the (fixed) ± 50 mV signal delivered to the 
data squaring (“slicing”) comparator is centered around the 
0 mV comparator switch point. Whenever the comparator 
signal plus DC offset and noise moves outside the carefully 
matched ±50 mV voltage “window” of the offset cancel 
circuit, it adjusts its DC correction voltage in series with the 
differential signal to force the signal back into the window. 
While the signal is within the ± 50 mV window, the DC offset 
is stored on capacitor Cm- By grace of the highly non-linear 
offset hold capacitor charging during offset cancelling, the 
DC cancellation is done much more quickly than with an AC 
coupling capacitor normally used in place of the offset can- 
cel circuit. Since impulse noise spikes normally ring the sig- 
nal symmetrically around 0 V, the fully bilateral offset cancel 
topology affords excellent noise rejection. The switched cur- 
rent output of the comparator drives the impulse noise filter 
integrator capacitor that rejects all data pulses of less than 
the integrator charge time. Noise appears as duty-cycle jitter 
at the open collector serial data output. 


— ICO FREQUENCY 

— OATAIN 

— LIMITER FILTER 

— V + 

— GROUND 

— NOISE INTEGRATOR 

— DATA OUT 
5.6V ZENER 


101— CARRIER I/O 


Top View 

Order Number LM1893N 
See NS Package Number N18A 

Small Outline & Dual-ln-Line Package 


TL/H/6750-2 


ICO CAP 1- 

1 

\Jr~ 

20 

-ICO FREQUENCY 

ICO CAP 2- 

2 


19 

-DATA IN 

PLL FILTER 1- 

3 


18 

-LIMITER FILTER 

NO CONNECTION- 

4 


17 

— V+ 

PLL FILTER 2- 

5 


16 

-GROUND 

TX/RX SELECT - 

6 

LM2893 

15 

-CARRIER IN 

OFFSET HOLD CAP- 

7 


14 

-NOISE INTEGRATOR 

ALC STABILITY- 

8 


13 

-DATA OUT 

BOOST EMITTER- 

9 


12 

-5.6V ZENER 

BOOST BASE- 

10 


11 

-CARRIER OUT 


Top View 

Order Number LM2893M or LM2893N 
See NS Package Number M20B or N20A 

FIGURE 2. Connection Diagrams 

POWER UNE 

"ErlS 3 


TL/H/6750-41 


Carrier- 
current ic 

TX/RX TX RX 

SEL DATA DATA 


CARRIER- 
CURRENT IC 

TX/RX TX RX 

SEL OATA DATA 









MASTER 

CONTROLLER 

AT ADDRESS 1 


SLAVE 

CONTROLLER 

AT ADDRESS 2 


I 


TL/H/6750-3 

FIGURE 3. The block diagram of a carrier-current 
system using the Bi-Line chip to interface digital 
controllers via the power line 

* Unless otherwise noted, all pin references refer to LM1893, but hold true 
for equivalent LM2893 pin. 
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FIGURE 4. Block diagram of a CCT system with the boost and 5V supply options shown in dashed boxes 










Application Information (Continued) 


# Recommended Purpose Effect of making the component value: 

Value Smaller I Larger 


Co 560 pF Together, Co and Ro Increases Fq Decreases Fo 

Ro 6.2 kfl set ICO Fo- Increases Fq Decreases Fo 

< 5.6 k not recommended. > 7.6 k not recommended. 



C c 0.22 jutF 


Cq 0.033 jliF 

Ti Use 

recommended 
XFMR 

C A 
Ra 

C L 1 0.047 jiF 


Zj > 44 V B V 
<60 V peak 


R t 4.7 n 
Dy >44VBV 


180 n 

Power NPN 

i.i n 


PLL loop filter pole 
PLL loop filter zero 

Couples Fq to line, 
Ccand Ti low-pass 
attenuates 60 Hz. 

Tank matches line Z, 
bandpass filters, 
isolates from line, 
and attenuates 
transients. 


ALC pole 
ALC zero 


Less noise immune, higher 
foATA. more PLL stability. 
PLL less stable, allows 
less Cp. Less ringing. 

Low TX line amplitude. 

Less 60 HzT-i current. 

Less stored charge. 

Tank Fq up or increase 
L of Ti for constant Fq. 
Smaller L: higher Fq or 
increase Cc; decreased Fo 
line pull. 


More noise immune, lower 
foATA. less PLL stability. 
PLL more stable, allows 
more C F . More ringing. 


Drives lower line Z. 
More 60 Hz Ti current. 
More stored charge. 


Tank Fq down or decrease 
L of Ti for constant Fq. 
Larger L: lower Fq or 
decrease Cc; increased Fq 
line pull. 


± 5% NPO ceramic. Use low TC 
2 k pot and 5.6 k fixed R. 

Poor Fq TC with < 5.6 kR o- 

Depending on Rp value and 
Fo, PLL unstable with large 
Cp. See Apps. Info. Cp 
and Rp values not critical. 

>250 V non-polar. Use 2Cc 
on hot and neutral for max. 
line isolation, safety. 

1 00 V nonpolar, low TC, ± 1 0% 
High large-signal Q needed. 
Optimize for low Fq line 
pull with control of Fo TC 
and Q. 


Noise spikes turn ALC off. Slower ALC response. 
Less stable ALC. More stable ALC. 


I I S 31933 


Lower pole F, less 60 Hz 
reject, more noise BW. 


Ra optional. ALC stable 
for Ca^ 100 pF. 


Any reasonably low TC cap. 
300 pF guarantees stability. 



Holds RX path Vqs 


Rejects short pulses 
like impulse noise. 


Open-col. pull-up 


5.6 V Zener bias 


Transient clamp 


Transient I limit 
Over-drive Clamp 


Base bleed 
Boost gain device 
Current setting R 


Stop ALC charge 
in RX mode 


Less noise immune, shorter More noise immune, longer Low leakage ±20% cap. 
Vqs hold, faster Vqs aqui- Vqs hold, slower Vqs aqui- Scale with fpATA- 
sition, shorter preamble. sition, longer preamble. 


Less impulse reject, less 
delay, more pulse jitter. 


Less available sink I. 


Larger shunt current, 
more chip dissipation. 

Zj failure, higher series 
R-excess peak V, Zener 
and chip damage, 
less ruggedness. 
Damage Zj, pull up V + . 
Failure on Transient 


Faster, lower THD Iq. 
Excessive Tj and Vsat- 
More Iq, need higher hf e . 


Transients destroy chip. 


Excess ALC 
current flow 


More impulse reject, more 
delay, less pulse jitter. 


Less available source I. 


Smaller shunt current, 
less V + current draw. 

Zj costly, lower series 
R gives enhanced 
transient clamp, 
more ruggedness. 
Excessive TX attenuation. 
Costly 


Inadequate turn-off speed. 
More rugged, but costly. 
Less Iq, lower min. hf e . 


Less supply spike. 


ALC RX charging 
not inhibited over Tj 


C| charge time y 2 bit nom. 
Must be < 1 bit worst-case. 


R c ^1.5 kft on 5.6 V 


1 <lz<30 mA recommended. 
(Chip power-up needs 5.6 V) 


Recommend Zener rated 
for >500 W for 1 ms. 


Carbon comp, recommended. 
IRF11DQ05 or 1N5819 


Boost optional. Qb F(-3 dB) 
of >200 MHz. R b > 24 Ohm. 
I o =70[(10 + R g )/Rg] mApp. 


V + never over abs. max. 


Za optional - 5.1V 
±20% low leakage type 


FIGURE 5. A quick explanation of the external component function using the circuit of Figure 4. Values given are for V+ 
18 V, Fq = 125 kHz, fpATA = 360 Baud (180 Hz), using a 1 15 V 60 Hz power line 


Component Selection 

Assuming the circuit of Figure 4 is used with something oth- 
er than the nominal 125 kHz carrier frequency, 180 Hz data 
rate, 18V supply voltage, etcetera, the component values 
listed in Figure 5 will need changing. This section will help 
direct the CCT designer in finding the required component 
values with emphasis placed on look-up tables and charts. It 
is assumed that the designer has selected values for carrier 
center frequency, Fo; data rate, foATAi supply voltage, V + ; 
power line voltage, V|_; and power line frequency, Ft_. If one 
or more of those parameters is not defined, one may read 
the data sheet and make an educated guess. 

Maxims to keep in mind, based on CCT electrical perform- 


ance considerations only, are: 1) the higher the Fo the bet- 
ter, 2) the lower the maximum data rate the better, and 3) 
the more time and frequency filtering the better. 

Use Figure 5 as a quick reference to the external compo- 
nent function. 

THE TRANSMITTER 


Central to chip operation is the low TC of Fo emitter-cou- 
pled oscillator. With proper Cq, the Fo of the 2V BB ampli- 
tude triangle-wave oscillator output may vary from near DC 
to above 300 kHz. While Cq may have any value, Cq should 
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Component Selection (Continued) 

be made above 10 pF so that parasitic capacitance is not 
dominant. Excessive or unbalanced common-mode-to- 
ground capacitance should be avoided. A low temperature 
coefficient (TC) of capacitance (<100 PPM/°G), such as a 
monolithic NPO ceramic multilayer type, preserves low TC 
of Fo Figure 6 finds a Co value given Fq. 

r O 

Resistor Rq is used by the 1C to generate a Vbe/R related 
current that is multiplied by 2 to produce the 200 juA ICO 
control current that sets Fq. The control current TC “bucks” 
the Vbe related tri-wave amplitude across Co to effect a low 
TC of Fo- Vary Rq to trim Fq, within limits. Raising Fo more 
than 20% above its untrimmed value by means of decreas- 
ing Rq more than 20% is not recommended. Low Rq, and 
so high control current, risks ICO saturation and poor TC 
under worst-case conditions. Raising Rq reduces the de- 
modulated signal amplitude from the phase detector; raising 
Rq by more than a factor of 2 (1 octave) is not recommended. 
Since lower TC pots are relatively costly, it is recommended 
that Rq be made up of a 5.6 k fixed (<100 PPM/°C) resistor 
with a 2 kft (<250 PPM/°C) series pot. 

Ca and R a 

Components Ca and Ra control the dynamic characteristics 
of the transmitter output envelope. Their values are not crit- 
ical. Use the values given in Figure 5. Ca and Ra are func- 
tions of loaded Ti tank Q, Ro, fpATA. and line impulse 
noise. Any changes made in Ca and Ra should be made 
based on empirical measurements of a CCT on the line. 
Roughly, Ca acts as an ALC pole and Ra an ALC zero. 


Ti 

At this point, the CCT system designer may choose to use 
one of the recommended transformers or to design custom 
Ti. Consult “The Coupling Transformer” section to help 
with the design of Ti if a new or boost-capable transformer 
is needed. The recommended 125 kHz transformer func- 
tions with an I q of up to 600 mApp. 

It is recommended that CCT systems use the recommended 
transformers, described in Figure 7, for T^ The 3 transform- 
ers are optimized for use in the ranges of 50-100 kHz, 100- 
200 kHz, and 200-400 kHz with unloaded Q’s (Qj) of about 
35, and loaded Q’s (Qj_) of about 12. Three secondary taps 
are supplied with nominal 7.07, 10, and 14.1 turns ratios (N) 
to drive industrial and residential power line impedances of 
3.5, 7, and 14H respectively. All are inexpensive, all have 
the same pin-outs for easy exchange in a PC board, and all 
are small - on the order of 10 mm diameter at the base. 

Cq 

Tank resonant frequency Fq must be correct to allow pas- 
sage of transmitter signal to the line. Use Figure 8 to find 
Cq’s value. Trimming Fq to equal Fq is done with Ti’s trim- 
ming slug. The inductance of Ti has a TC of + 150 PPM/°C 
which may be cancelled by using a -150 PPM/°C cap such 
as polystyrene. Since circulating current in the tank is % 
Arms. c Q should have a low series resistance (a 1 n series 
resistance is too much). Polypropelene caps are excellent, 
“orange drop” mylars are adequate, while many other my- 
lars are inadequate. A 100V rating is needed for transient 
protection. 




10 100 1000 
F 0 — CARRIER FREQUENCY (kHz) 


TL/H/6750-10 

FIGURE 8. Find Cq’s value given Fq 



Bottom View 

TL/H/6750-6 


4 T. 0.400 m H 



125 kHz 

Toko 707VX-A042 YU K 


50 kHz 

Toko 707VX-A043YUK 


TL/H/6750-9 

300 kHz 

Toko 161XN-A207YUK 


FIGURE 7. The recommended Ti transformers, available through: 

Toko America, 1250 Feehanville Drive, Mount Prospect, IL, 60056, (312) 297-0070 


4-174 



Component Selection (Continued) 

c G 

Capacitor Cc’s primary function is to block the power line 
voltage from T-j’s line-side winding. Also, Cc and Ti’s line- 
side winding comprise a LC highpass filter. The self-induc- 
tance of Ti is far too low to support a direct line connection. 
Cc must have a low enough impedance at Fq to allow T i to 
drive transmitted energy onto the line. To drive a 14ft power 
line, the impedance of Cc should be below 14ft. 

Use Figure 9 to find the reactive impedance of Cc to check 
that it is less than the line impedance. Then check Figure 10 
to see that the power line current is small enough to keep 
T-j well out of saturation; the recommended transformers 
can withstand a 10 Amp-turn magnetizing force (1 Amp 
through the worst-case 10 turn line-side winding). 

Caution is required when choosing Cc to avoid series reso- 
nance of the series combination of Cc, the transformer in- 
ductance, and the reflected tank impedance. The low resist- 
ance of the network under series resonance will load the 
line, possibly decreasing range. For your particular line cou- 
pling circuit, measure for series resonance using some ex- 
pected line impedance load. 

Rb 

This base-bleed resistor turns Qb off quickly - important 
since the amplifier output swing is about 200V/ jus. An Rb 
below about 24ft will conduct excessive current and over- 
load the chip amplifier and is not recommended. 



TL/H/6750-1 1 

FIGURE 9. Cc’s impedance should be, 
as a rule-of-thumb, smaller than the lowest 
expected line impedance 


Rg 

This resistor, in parallel with the internal 1 Oft resistor, fixes 
the current gain of the output amplifier, and so the output 
current amplitude. Figure 1 1 gives output current and mini- 
mum AC current gain hf e for Qb when Rq is used to boost 
output current. 

Qb 

The boost gain transistor Qb must be fast. Double-diffused 
devices with 50 MHz Fjs work, slower transistors (epi-base 
types) do not preserve a sinusoidal waveform when Fq is 
high or will cause the output amp. to oscillate. Qb must have 
a certain minimum hf e for given boost levels, as shown in 
Figure 1 /. Figure 12 shows the power Qb must dissipate 
continuously operating with a shorted output. BVcer (R = 
Rb) must be 60V or greater and Qb must have adequate 
SOA for transient survival. 

Zt 

Unfortunately, potentially damaging transient energy passes 
through transformer Ti onto the Carrier I/O pin (instanta- 


neous power of greater than 1 kW has been measured us- 
ing the recommended transformers). For self protection, the 
Carrier I/O has an internal 44V voltage clamp with a 20ft 
series resistance. A parallel low impedance 44V external 
transient suppression diode will then conduct the lion’s 
share of any current when transients force the Carrier I/O to 
a high voltage. 



0.1 1 10 
Cc— LINE COUPLING CAPACITANCE ( M F) TL/H/6750-12 

FIGURE 10. The AC line-induced current passed by Cc 



0.1 1 10 100 

Rq— GAIN-SETTING (0) TL/H/6750-13 

FIGURE 1 1. Output amplifier current and required min. 
Qb hfe versus gain-setting resistor Rq 
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0.1 

10 100 1000 
lo— OUTPUT CURRENT (mArms) TL/H/6750-1 4 

FIGURE 12. Boost transistor power dissipation versus 
amplifier output current 

Zj must be used unless some precaution is taken to protect 
the Carrier I/O pin from line transients or transients caused 
when stored line energy in Cc is discharged by the random 
phase of power line connection and disconnection. Worst 
case, Cc may discharge a full peak-to-peak line voltage into 
the tuned circuit. Another way to reduce the need for Zj is 
by placing another magnetic circuit in the signal path that 
relies on a high, but easily saturated, permeability to couple 
a primary and secondary winding - a toroidal transformer for 
example. Toroids cost more than Zj. 

Use an avalanche diode designed specifically for transient 
suppression — they have orders of magnitude higher pulse 


5 

3 
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Component Selection (Continued) 


power capability than standard avalanche diodes rated for 
equal DC dissipation, Metal oxide varistors have not proven 
useful because of their inferior clamping coefficient and are 
not recommended. Specifications for an example minimum 
diode are given in Figure 13. 


Breakdown Voltage 

Maximum Leakage 

Capacitance 

Maximum Clamp Voltage 

Peak Non-Repetitive Pulse Power 


44-49V @ 1 mA 
1 jliA @ 40 V 
300 pF @ BV 
64.5V @ 7.8A 
10 kW fori fis 


(REA Standard Exponential Pulse) 


Surge Current 


70 A for 1/1 20s 


FIGURE 13. Key specifications for a recommended 
transient suppressor Zj available from General 
Semiconductor, 2001 West Tenth Place, tempe, AZ 
85281, 602-968-3101, part no. SA40A 


Rt 

Rt acts as a voltage divider with Zj, absorbing transient 
energy that attempts to pull the Carrier Input pin above 44V. 
Make the resistor a carbon composition 1 /4W. When exper- 
iments discharging Cq charged to the peak-to-peak 620V 
AC thru a 1ft power line were carried out, film resistors blew 
open-circuit. 


Dt 

This Schottky diode is placed in parallel with the CCT chip’s 
substrate diode to pass the majority of the current drawn 
from ground when the Carrier Input or Carrier Output is 
pulled below ground by a larger-than-twice-the supply-swing 
on the tank. Note that Zj is in parallel with the substrate 
diode, but is ineffective due to its high forward voltage drop 
and high diffusion capacitance caused by its low forward 
speed. Tests proved that a 1N5818 kept a receive-path 
functional with a 20X boost transmitter with a 7:1 transform- 
er attempted to swing the receiver’s Carrier I/O to ± 100V 
(300 mA peak ground current in the receiver). Without Dj, 
the receiver momentarily stops functioning at a 100 times 
lower ground current. 

This diode is not needed if the Carrier I/O never swings 
below ground. If your CCT systems all run on the same 
regulated voltage with all matched transformers and turns 
ratios, it is not needed. Otherwise, it is. 


THE RECEIVER 

The receiver and transmitter share components Cq, Ti, Cq, 
Rt, Zj, Co, Ro, and peripheral supply and bias components 
that are not in need of change for RX mode operation. Val- 
ues for the balance of the components are now found. 

Line-Frequency Rejection 

To use the ultimate sensitivity of the device, fully 110 dB of 
115 V, 60 Hz attenuation is required between the line and 
the limiter amplifier output. Using the circuit topology of Fig- 
ure 4 , the combined attenuation of the Cq/Ti highpass, the 
tuned transformer, and the bandpass filter attenuation of 
the limiter amplifier give far more line rejection than the 
above-stated minimum. However, if some other CCT line 
coupling circuit is used, line rejection will become important 
to the system designer. 

Receiver input power supply rejection (PSRR) and common- 
mode rejection (CMRR) are one-in-the-same using the sup- 
ply-referenced signal input of Figure 4. Ripple swings both 


differential inputs of the Norton amp. equally, while the sin- 
gle-ended input signal swings only the positive input. Overall 
PSRR consists of the input CMRR (set by the input stage 
component matching) and the ripple-frequency attenuation 
of the input amplifier bandpass response that passes carrier 
frequency but stops low frequencies. A typical 1% resistor 
and 1 mV n-p-n mirror offsets give 26 dB of attenuation, the 
bandpass gives 54 dB 120 Hz attenuation, for an overall 80 
dB PSRR to allow tens of volts of ripple before impacting 
ultimate sensitivity. 

Cc 

A value was chosen earlier. Knowing T-|’s secondary induc- 
tance allows a check of LC line attenuation using Figure 14. 

Cl 

The Norton input limiter amplifier has a bandpass filter for 
enhanced receiver selectivity, noise immunity, and line fre- 
quency rejection. The nominal response curve for Fo = 50 
kHz is shown in Figure 15. The 300 kHz pole is fixed. The 50 
kHz pole is set by Cl’s value. After Cl is found, the resulting 
line frequency attenuation is found for the bandpass filter. 
Use Figure 15 to find a Cl value given for Fq. The approxi- 
mate line frequency attenuation of the bandpass filter may 
then be found in Figure 16. Figure 15 returns a value for Cl 
33% larger than nominal, giving a low frequency pole 33% 
low to allow for component tolerances. 



0.1 1 10 
Cc -COUPLING CAPACITANCE (/*) 

TL/H/6750-15 

FIGURE 14. The 60 Hz line rejection of the highpass 
filter made up of Cq and T i’s line-side winding 
(neglecting capacitive coupling) 




TL/H/6750-17 

FIGURE 15. Given Fq, Cl is found. Also shown is the 
input amplifier’s small signal amplitude response 
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Cp and Rp 

These phase-locked loop (PLL) loop filter components re- 
move some of the noise and most of the 2 Fq components 
present in the demodulated differential output voltage signal 
from the phase detector. They affect the PLL capture range, 
loop bandwidth, damping, and capture time. Because the 
PLL has an inherent loop pole due to the integrator action of 
the ICO (via Cq), the loop pole set by Cp and the zero set by 
Rp gives the loop filter a classical 2nd-order response. 

_ 7® 
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60 
50 

§ «• 

| 30 

S 20 

0.01 0.1 1 
Ct— POLE-SETTING CAPACITANCE (/iF) TL/H/6750-18 

FIGURE 16. The Norton-input limiter amplifier bandpass 
filter line-frequency signal attenuation given C|_ 




obvious way out is to then reduce the unfiltered loop band- 
width. That bandwidth is approximately proportional to the 
value of Co- For a fixed Fo, unfiltered loop bandwidth reduc- 
tion requires a larger Co and larger control current. With this 
chip, changing the control current is not allowed. So one is 
forced to choose a Cp/Rp combination with some minimum 
capture range, say ±20%, that is within some guardband 
from the point of loop instability. Happily, impulse noise 
tends to last only fractions of a millisecond so that the lack 
of low bandwidth loop response with low data rates is not a 
heavy penalty. As long as there is adequate capture range, 
the impulse noise filter performs admirably. Note that reduc- 
ing Fo will reduce the no-filter loop bandwidth, and indeed 
the maximum data rate falls below the limit set by the RC 
lowpass filter as Fo falls below 100 kHz {Figure 19). 

The tuned transformer characteristics will affect the demod- 
ulated data waveform more than Cp and Rp at low data 
rates. Tank Q and off-tuning will affect overshoot during the 
FSK frequency steps. This is a property of tuned circuits. 
The maximum data rate of Figure 19 is measured from the 
receiver input to the Data Out and does not include the data 
bandwidth reducing effects of T|. 



Cm 

Capacitor Cm stores a voltage corresponding to a correction 
factor required to cancel the phase detector differential out- 
put DC offsets. The stored voltage is % of the DC offset 
plus some bias level of about 2.2 V. A large Cm value in- 
creases the time required to bias-up the receive path at the 
beginning of transmission. A large Cm does filter well and 
store its bias voltage long. Because of the initial random 
charge of Cm, the receiver must be given a data transition to 
charge to the proper bias voltage. Therefore, reducing Cm’s 
value to one that may be charged in less than 2 bit-times will 
not save biasing time and is not recommended. 


No Cp and Rp give the most stable PLL with the fastest 
response. Large Cp’s with a too-small Rp cause PLL loop 
instability leading to poor capture range and poor step re- 
sponse or oscillation. 

Calculation of Cp and Rp is quite difficult, involving not only 
the 2nd-order loop step response, but also the PLL non- 
dominant poles, the tuned transformer stepped-frequency 
response, and the RC lowpass step response (for data rates 
approaching 1 kHz). Cp and Rp values are best found em- 
pirically. Tolerance is not critical. Component values are se- 
lected to give the best possible impulse noise rejection 
while preserving a ±20% capture range and wide stability 
margin. Figures 17 and 18 give Cp and Rp values versus Fq, 
where “foATA < < MAX DATA RATE” means that fpATA 
should be less than the maximum data rate, in kHz, from 
Figure 19 divided by 10. 

Note that Cp and Rp are a function of data rate only for high 
data rates and are not plotted against data rate - as one 
might expect. The reason for this is important to understand 
if the CCT system designer wishes to find Cp and Rf empiri- 
cally. Data signal is, loosely speaking, passed through the 
PLL loop and is therefore potentially attenuated if the loop 
bandwidth is on the order of the 3rd harmonic of the data 
rate, or less. Overall loop bandwidth is held as low as possi- 
ble for maximum noise rejection while passing the data. 
Loop bandwidth is roughly proportional to the geometric 
mean of the unfiltered loop bandwidth and the filter pole set 
by Cp. Therefore, Cp is related to data rate. Unfortunately, 
the loop capture range falls to critically low values when 
large enough values of Cp are used to reduce loop band- 
width down to the 100’s of Hz range, for low data rates. The 


F±20% CAPTURE RANGE— 


—ioria«**ax mta RATE T 


~f0ATA=*MAX DATA RATE “ 


Fo — CARRIER FREQUENCY (kHz) TL/H/6750-20 

FIGURE 18. Find Rp given Fq with Fqata a parameter 


! 40-60% DATA OUT 
DUTY CYCLE 


10 100 1000 

Fo-CARRIER FREQUENCY (kHz) TL/H/6750-21 

FIGURE 19. The maximum data rate versus Fo using 
loop filter components optimized for max. noise 
performance while retaining a min. ±20% capture 
range (large signal) 

Use Figure 20 to find Cm’s value knowing fpATA. assuming 
the standard 2 bit receive charge time is desired. The cap. 
value and TC are not critical, but the capacitor should have 
low leakage. 
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FIGURE 20. Size Cm assuming a 2 bit-time 
receive bias time 

C| 

The impulse noise filter integrator capacitor C| is used to 
disallow the passage of any pulse shorter than the integra- 
tor charge time. That charge time, set to a nominal y 2 bit 
time, is the time required for a ±50 >A charge current to 
swing C| over a 2 Vbe range. Charge time under worst case 
conditions must never be greater than a bit time since no 
signal could then pass. Using a ±10% capacitor, full junc- 
tion temperature range, and full specified current range, a 
maximum nominal charge time of y 2 bit is recommended. 
Figure 21 gives C| versus data rate under those conditions. 

R° 

The collector pull-up resistor is sized to supply adequate 
pull-up current drive and speed while preserving adequate 
output low current drive. 



Idata-DATA RATE (Hz) 


TL/H/6750-24 

FIGURE 21. Impulse noise filter cap. C| versus Fdata 
where the charge time is y 2 bit time 


Za 

The 5.1V silicon zener diode Za is required when a short 
RX-to-TX switch-over time is needed at the same time that 
the chip is operating in the RX mode with a pin 10 input 
signal swing approaching or exceeding twice the supply 
voltage. Predominant causes of these large swings imping- 
ing on the RX input are: 1) a transmitter’s supply voltage 
higher than the receiver’s supply voltage, 2) a TX and RX 
pair that are electrically close, or, 3) a higher RX T-j step-up 
turns ratio than the TX T-| step-down ratio. 

Normally, when in the RX mode with small incoming signal 
on pin 10, the ALC remains off with pin 7 at a 6V 
(Vz~2Vbe) bias voltage. Ca is then charged to 6V. TX 
mode may then be selected with 6V on C A allowing 100% 
TX power to pump T-j’s tuned circuit, and so the AC line, 
quickly for fast RX-to-TX switch time. As TX output swing 
increases so that pin 10 swings below Valc (4.7V typically), 
that ALC activates to charge Ca to about 6.6V to reduce TX 
output drive. However, if in the RX mode pin 1 0 ever swings 
below Valc» Ca will charge to above 6.6V. Now, when the 
TX mode is selected with Ca at 6.6V, somewhere from 0 to 
100% TX output drive is available to pump T-|’s tuned circuit 
resulting in a slower rising line signal - effectively reducing 
the RX-to-TX switch time. 

Use a 5.1V Za driven by a 0 to 0.8V logic low signal to 
guarantee over-temp, operation. Ra must be in series with 
Za to limit current flow and should never fall below 1 kfl. If 
Ra is less than 1 kfl, then put a 2 kfl resistor in series with 
Za- Logic high voltages above 10V will cause current flow 
into pin 7 that must be limited to 1 mA (with Ra or a 
series R). 

Breadboarding Tips 

During CCT system evaluation, some techniques listed be- 
low will simplify certain measurements. 

— Use caution when working on this circuit - dangerous 
line voltages may be present. 

— When evaluating PLL operation, offset cancel circuit op- 
eration, and loop filter values, use the filter of Figure 22 
to view the demodulated signal minus the 2Fo and noise 
components. This filter models the RC lowpass filter on 
chip. 



TL/H/6750-25 

FIGURE 22. Circuit to view the differential demodulated data signal, minus the noise and 2 Fq components, 
conveniently with a single-ended gain-of-one output 
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Breadboarding Tips (Continued) 

— When evaluating CCT system noise performance on a 
real power line, it is desirable to vary the signal ampli- 
tude to the receiver. This is not easy. An in-line line- 
proof L-pad is fine except that the line impedance is un- 
known and variable and so the L-pad will rarely match. 
Instead, the power output of a chip transmitter may be 
controlled using the circuit of Figure 23. This circuit con- 
trols the ALC. 

— It is sometimes desirable to place impulse noise on the 
line. A simple light dimmer with a 1 00 W light bulb load 
produces representative impulse noise. 

— Do not allow peaK currents of over 1 A through the 5.6 V 
Zener. In other words, don’t short charged capacitors 
into this low-impedance device. Take care not to mo- 
mentarily short pins 10 and 1 1 - chip damage may result. 

— Figure 24 shows some typical signals beginning with se- 
rial data transmitted to received signal. 

Tuning Procedure 

This procedure applies to circuits similar to Figure 4 LM1 893 
or LM2893 circuit. 

First, trim Fq by putting the chip in the TX mode, setting a 
logical high data input, and measuring the TX high frequen- 
cy, 1.022 Fq, on the Carrier I/O using these steps: 

1. Take pin 17 to a logic low. 

2. Take pin 5 to a logic high. 

3. Place a counter on pin 1 0. 

4. Adjust Rq on pin 18 for F = 1.022Fo 

Second, the line transformer is tuned. The chip is placed in 
the TX mode, a resistive line load is connected to disable 
the ALC by reducing tank voltage swing below its limit. FSK 
data is then passed through the tank so that the tank enve- 
lope may be adjusted for equal amplitude for high and low 
data frequency. 

1. Take pin 5 to a logic high. 

2. Place a logic-level square wave at or below the receiver’s 
maximum data rate on pin 1 7. 

3. Temporarily place a 330 ft resistor across the tank. 

4. Place a scope on pin 10. 

5. Adjust the transformer slug for the least envelope modu- 
lation. 

In lieu of the 330 ft resistive load, Ti may be coupled to the 
power line to better simulate actual load and tank pull condi- 
tions during tank tuning. Alternatively, a passive network 


representing an average line impedance may be connected 
to the line side of Ti . The circuit of Figure 23 should then be 
used to defeat the leveling effect of the ALC. 



TL/H/6750-26 


FIGURE 23. A means of transmitter output amplitude 
control is shown 


Thermal Considerations 

It is desirable to place the largest possible signal on the 
power line for maximum range, limited only by the chip pow- 
er dissipation and maximum junction temperature Tj. The 
falling output power at elevated Tj allows a more optimal 
power output - high power at low Tj and lower power at high 
Tj for chip self-protection. However, it is still possible to 
exceed the maximum Tj within the specified ambient tem- 
perature limit (Ta = 85°C) under worst case conditions of 
100% TX duty cyle, high supply, shorted load, poor PC 
board layout (with small copper foil area), and an above 
nominal current part. Under those conditions, a part may 
dissipate 2140 mW, reaching a Tj = 170°C worst-case (ad- 
mittedly a rare occurrence). Proper system design includes 
the measurement or calculation of Tj max. to guarantee 
function under worst-case operation. Like all devices with 
failure modes modeled by the Arrhenius model, the high 
chip reliability is further enhanced by keeping the die tem- 
perature mercifully below the absolute maximum rating. 

A direct method of measuring operating junction tempera- 
ture is to measure the Vbe voltage on pin 1 8, which is al- 
ways available under all operating modes. The graph of Fig- 
ure 25 may be used to find Tj, knowing Vbe at the operating 
point in question and Vbe at Ta = Tj = 25°C. Vbe is found 
by powering up a chip (in RX mode) that has been dissipat- 
ing zero power at some Ta for some time and measuring 
Vbe in lass than 1 s (for better than 5°C accuracy). 
Alternately, Tj may be calculated using: 

Tj = T a + 0jaPd 0) 

where 0 ja is 75°C/W for the plastic (N) package using a 
socket. That 0 ja value is for a high confidence level; nomi- 


(D 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 



10 V/Div. 

10 m V/Div. 

400 mV/Div. 
200 mV/Div. 
2 V/Div. 

10 V/Div. 


TL/H/6750-23 


FIGURE 24. Oscillogram revealing signals at several important nodes under weak signal (0.5 mV RMS ) conditions with 
SCR spikes on an otherwise quiet 115 V, 60 Hz power line. The signals are: 1) transmitted data, 2) RX carrier on the 
tuned transformer, 3) demodulated signal from the PLL after passing thru circuit of Figure 22, 4) signal after RC 
lowpass, 5) data at impulse noise filter integrator, and 6) received data. Horizontal scale is 10 ms per div. 
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Thermal Considerations (Continued) 

nal Oja for an N package is 60°C/W, lower with good PC 
board layout. Since Pp is a relatively strong function of Tj, 
an iterative solution process starting with an initial guess for 
Tj is used. With the estimated Tj, find the total supply cur- 
rent found in the typical performance characteristics. 



-60 - 30 0 30 60 90 120 150 180 

Tj— JUNCTION TEMPERATURE (°C| TL/H/6750-27 

FIGURE 25. Tj may be found by using the temperature 
coefficient of pin 18 V BE if V BE is known at 25°C 

Transmit-To-Receive 
Switch-Over Time 

An important figure-of-merit for a half-duplex CCT link, af- 
fecting effective data rate, is the TX-to-RX switch time Ttr. 
Using the recommended component values gives this part a 
nominal 2 bit-time (1 bit time = 1/[2fDATAl) over a wide 
range of operating conditions, where the receiver requires 1 
data transition. Ttr cannot be decreased significantly but 
does increase as noise filtering, especially via Cm, is in- 
creased. Impulse noise at switch, signals near the limiting 
sensitivity, poor Fo match between receiver and transmitter 
because of poor trim or worst-case conditions, and the sta- 
tistical nature of PLL signal acquisition may all contribute to 
increase Tjr to possibly 4 bit-times. 

Tjr i$ lower when a pair Of LM1893’s handshake rapidly. 
The receiver was designed to “remember” the RX-mode 
DC operating points on Cm and C E while in the TX mode. 
Under noisy worst case conditions, Cm will discharge to the 
point of false operation after 35 bit-times in the TX mode 
(1400 bit times with no noise and a nominal part, foATA = 
180 Hz). Ttr is about 0.8 ms (proportional to the selected 
Fo) plus y 2 bit-time. 

The major components of Ttr are described below for a 
nominal 125 kHz Fq, 180 Hz foATA. lightly-loaded tank with 
a Q of 20, and the circuit of Figure 4. The remote CCT has 
been operating in the TX mode with a 26.6 Vpp tank swing 
and is now selected as a receiver. An incoming signal re- 
quiring the ultimate receiver sensitivity immediately is placed 
on the line. 

First, the tank stored energy at the transmit frequency must 
decay to a level below the 2.8 mVpp swing caused by the 
0.14 mVRMS incoming line signal containing the information 
to be received. 

Q /Vi\ 

decay time = — — In I — ) = 
ttFo Wo/ 

20 ( 26.6 \ 

In — — = 0.466 ms «. (2) 

7T X 125 000 \ 0.0028/ 

That is 0.47 ms of delay (proportional to I/Fq and Q). 
Second, the PLL must acquire the signal; it must lock and 
settle. Acquisition time is statistical and may take any length 
of time, but average acquisition time depends on the loop 
filter components Cp and Rp and the difference in center 
frequencies, AFq, of the TX/RX pair. Using the recom- 


mended Cp and Rp (47 nF and 6.2 kft) with a ±4.4% AFo 
(a ± 1 00 mV DC offset on Cp and Rp), lock was measured 
to take less than 50 cycles of Fq. That is a 0.40 ms delay 
(proportional to 1 /Fq). 

Acquisition is incomplete until the second order PLL loop 
settles. For the above-mentioned Cp and Rp, the loop natu- 
ral frequency Fn and damping factor are found to be 
2.3 kHz and 1.0 respectively. Settling to within ±25 mV of 
the ±100 mV DC offset change requires 2.7 periods of Fn, 
or 1 .2 ms (a function of Cp and Rp). 

Third, the RC lowpass filter introduces a 0.12 ms delay. 
Fourth, Cm must charge up to ±(%)100 = 83 mV depend- 
ing on the polarity of Fq. Borderline data squaring with zero 
noise immunity is possible with only ±(%) 50 mV of charg- 
ing. Cm charge current is an asymptotic function approxi- 
mated by assuming a 50 /xA charge current and the full 83 
mV charge voltage. Cm charge time is then 1 .7 ms (propor- 
tional to 1 /fpATA)* 

Fifth, the impulse noise filter adds a y 2 bit-time delay. Total 
Ttr is 3.9 ms plus y 2 bit-time for a total of 1.9 bit-times at 
360 Baud. 

Recei ve-To-Transmit 
Switch-Over Time 

Assume the chip has been in the RX mode and the TX 
mode is now selected. In less than 10 jxs, full output current 
is exponentially building tank swing. 50% of full swing is 
achieved in less than 10 cycles - or under 80 jxs at 125 kHz. 
In the same 1 0 jus that the output amp went on, the phase 
detector and loop filter are disconnected and the modulator 
input is enabled. FSK modulation is produced in 10 jus after 
switching to TX mode. 

Power Line impedance 

Irrespective of how wide the limits on power line impedance 
Z|_ are placed, there are no guarantees. However, since the 
CCT design requires an estimate of the lowest expected line 
impedance Z(_n encountered for the most efficient transmit- 
ter-to-line coupling, line impedance should be measured 
and Z|_ limits fixed to a given confidence level. Reasonable 
values for Ti turns ratio, loaded Q, and tank resonant fre- 
quency pull Fq may be found to enable a CCT system de- 
sign that functions with the overwhelming majority of power 
lines. 

A limited sampling of Z|_ was made, during the LM1893 de- 
sign, of residential and commercial 1 1 5V 60 Hz power line. 
Data was also drawn from the research of Nicholson and 
Malack (reference 1), among others, to produce Figures 26 
and 27. All measured impedances are contained within the 
shaded portions of Figure 27. A nominal 3.5, 7.0 and 14 a 
Z|_n >s used throughout the application information with a 
nominal 45° phase angle (0° is sometimes used for simplici- 
ty)- 



Fo-CARRIER FREQUENCY (kHz) TL/H/6750-28 

FIGURE 26. Measured line impedance range for 
residential and commercial 115V, 60 Hz lines 
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i 27. Complex-plane plots of measured 115V, 60 Hz line impedance where Zl = Rl + JXl 


Power Line Attenuation 

The wiring in most US buildings is a flat 3 conductor cable 
called Amerflex, BX, or Romex. All referenced line imped- 
ances refer to hot-to-neutral impedances with a grounded 
center conductor. The cable has a 1 00 ft characteristic im- 
pedance, a 1 25 kHz quarter-wavelength of 600 m (250 m at 
300 kHz), and a measured 7 dB attenuation for a 50 m run 
with alOft termination. Generally, line loads may be treat- 
ed as lumped impedances. Instrument line cords exhibit 
about 0.7 jaH and 30 pF per meter. 

Limited tests of CCT link range using this chip show exten- 
sive coverage while remaining on one phase of a distribu- 
tion transformer (100’s of m), with link failure often occuring 
across transformer phases or through transformers unless 
coupling networks are utilized. Total line attenuation allowed 
from full signal to limiting sensitivity is more than 70 dB. 
Typically, signal is coupled across transformer phases by 
parasitic winding capacitance, typically giving 40 dB attenu- 
ation between phased 115 V windings. Coupling capacitors 
may be installed for improved link operation across phases. 
Power factor correcting capacitor banks on industrial lines 
or filter capacitors across the power lines of some electronic 
gear short carrier signal and should be isolated with induc- 
tors. Increasing range is sometimes accomplished by elect- 
ing to install the isolating inductors {Figure 28) and coupling 
capacitors, as well as by electing to use the boost option. 
Frequency translating or time division multiplexed repeaters 
will also increase range. 



TL/H/6750-40 

FIGURE 28. An isolation network to prevent: 1) noise 
from some device from polluting the AC line, and 2) to 
stop some low impedance device (measured at F 0 ) 
from shorting carrier signal. Component values given 
as an example for F 0 = 125 kHz on 
residential power lines 

The Coupling Transformer 

The design arrived at for Ti is the result of an unhappy 
compromise - but a workable one. The goals of 1) building 


T i with a stable resonant frequency, Fq, that is little affect- 
ed by the de-tuning effect of the line impedance Z|_, and of 
2) building a tightly line-coupled transformer for transmitted 
carrier with loose coupling for transients, are somewhat mu- 
tually exclusive. The tradeoffs are exposed in the following 
example for the CCT designer attempting a new boost-ca- 
pable, or different core, transformer design. 

The compromises are eased by separating the TX output 
and RX input in the LM2893. An untuned TX coupling trans- 
former with only core coupling (not air-coupled solenoid 
windings) would employ a high permeability, high magnetic 
field, low loss, square saturating, toroidal core. The reso- 
nant RX path would be isolated from line-pull problems by a 
unilateral amplifier that operates at line voltages with much 
more than 110 dB of dynamic range, or by a capacitively 
coupled pulse transformer driving a unilateral amplifier and 
filter, for increased selectivity. See the LM2893-specific ap- 
plications section. 

For a LM 1893-style transformer application, first, choose 
the turns ratio N based on an estimated lowest Z|_ likely 
encountered, Z|_n- Figure 29 shows graphically how N af- 
fects line signal. N should be as large as possible to drive 
Z L N with full signal. If Ti has an unloaded Q, Qy, of well less 
than 35, a guess of N somewhat high should be used and 
later checked for accuracy. The recommended transformers 
have secondary taps giving a choice of N = 7.07, 10, and 
14.1 (nominally) for driving Zln’s of 14, 7.0, and 3.5 ft re- 
spectively (at Tj = 25°C, V+ — 18V, and Qy = 35). 

The resonating inductance of the tuned primary, L-j, is 
sought. Note that, while standard transformer design gives a 
transformer self-inductance with an impedance at operating 
frequency well above load impedance, the tuned transform- 
er requires a low Li for adequate Qy and minimum line pull. 
Result: relatively poor mutual coupling. 

(3) 

It is known that resonant frequency Fq = Fo and some 
minimum bandwidth, or maximum Q, will be required to pass 
signal under full load conditions. 

I = r q II 1 z lnI' , a * 

1 2ir F 0 Ql 

|ZlnI' is the reflected Zln, Ql is the loaded Q, and parallel 
resistance Rq models all transformer losses and sets Q<> 
Rq || |Z LN |' is found knowing that it absorbs full rated power. 
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The Coupling Transformer (Continued) 


MmMusBrnwm 


Zl-LINE IMPEDANCE (Q) 

TL/H/6750 

FIGURE 29. Impressed line voltage for a given Zl 
for each of the 3 taps available 
on the recommended transformers 

w lQPPr2(-VALC+V+)l (~ 4-7+ V+)l 0 


p o-'oVo- il [ Yg « (5) 

where lo is in amps peak-to-peak at an elevated Tj 
r 0 -" 8 ft 

RalM-y- , ' V>L V V,l,a -“‘‘ PI 

Po lo 

Rq is found using Z|_n and the value for N found when as- 
suming Qy = 35. 

|Z LN |' = N2 Zln «? (7.07)2 13.9 « 695 SI ( 8 ) 


u _J 1 _ .-J. 1 _ ' ' 

Roll |2 lnI' IZlnI' 442 695 

"-WVrrSi— 

Only Q|_ remains to be found to calculate Li . Qt_ is related to 
the -3 dB (half-power) bandwidth by 

Ql = BW (% of Fo) (11) 

An iterative solution is forced where line pull, AFq, must be 
guessed to find Ql and Li. Li is then used to check the line 
pull guess; a large error requires a new guess. Try a BW of 
8.7% - that is 4.4% for deviation, 1% for TC of Fo, and 
3.3% for AFq - giving Ql = 1 1 .5. 

442 

(12) 

Knowing the core inductance per turn, L, and Li, the num- 
ber of turns is found. 




/ 49.0 juH 


: 49 y 2 turns 


T is normally an integer, but these transformers require so 
few turns that half-turns are specified, remembering that the 
remaining y 2 turn is completed on the P.C. board and is 
loosely coupled. The secondary turns are calculated 
Ti 49.5 

T2= N 707 = 7 ' 00 = 7tUmS (15) 

giving an L 2 of 0.98 jmH. Note that the recommended 1 25 
kHz transformer mirrors these specifications. The resonat- 
ing capacitor is 

c& -*^*>- tx ^ 33nF (16) 


Line pull AFq was calculated (reference 3) for a Zl magni- 
tude of 14ft and up with any phase angle from -90° to 90°. 
AFq was 6.4% - well above the 3.3% estimate. Referring to 
( 11 ), an 11 . 8 % bandwidth is required, forcing Li to be re- 
duced to reduce Q. That fix was not implemented; some 
signal attenuation under worst-case drift and AFq is al- 
lowed. Li is already so small that the 31 gauge winding 
conducts a % Arms circulating current. 

Line Carrier Detection 

While the addition of a carrier detection circuit (for a mute or 
squelch function) will only decrease receiver ultimate sensi- 
tivity, there is sometimes good reason to employ it to free 
the controller from watching for RX signal when no carrier is 
incoming, or to employ it to reduce the probability of line 
collisions (when multiple transmitters operate simultaneous- 
ly to cause one or more transmissions to fail). Unless the 
detector is heavily filtered or uses a high carrier amplitude 
threshold, there will be false outputs that force the controller 
to have Data Out data checking capability just as is required 
when using no carrier detector. If false triggering is mini- 
mized, the probability of line collisions is increased due to 
the inability to sense low carrier amplitudes and because of 
sense delay. The property of the LM1893 to change output 
state infrequently (although the polarity is undefined) when 
in the RX mode, with no incoming carrier, reduces the desire 
to implement carrier detection and preserves the full ulti- 
mate sensitivity. Also, many impulse-noise insensitive trans- 
mission schemes, like handshaking, are easily modified to 
recover from line collisions. 

Regarding this, it should be stated that for very complicated 
industrial systems with long signal runs and high line noise 
levels, it is probably wise to use a protocol which is inherent- 
ly collision free so that no carrier detect hardware or soft- 
ware is needed. A token passing protocol is an example of 
such a system. 

Figure 30 shows a low cost carrier amplitude detection cir- 
cuit. 

Audio Transmission 

The LM1893 is designed to allow analog data transmission 
and reception. Base-band audio-bandwidth signals FM 
modulate the carrier passing through the tuned transformer 
(placing a limit on the usable percent modulation) onto the 
power line to be linearly demodulated by the receiver PLL. 
Because the receiver data path beyond the phase detector 
will pass only digital signal, external audio filtering and am- 
plification is required. Figure 31 shows a simple audio trans- 
mitter and receiver circuit utilizing a carrier detection mute 
circuit. A single LM339 quad, comparator may be used to 
build the carrier detect and mute. Filter bandwidth is held to 
a minimum to minimize noise, especially line-related corre- 
lated noise. 

Communication and System 
Protocols 

The development of communication and system protocols 
has historically been the single most time consuming ele- 
ment in design of carrier current systems. The protocols are 
defined as the following: ^ > ■ > 

1 . Communication protocol, a software method of encoding 
and decoding data that remains constant for every transmis- 
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FIGURE 30. A simple carrier amplitude detector with output low when carrier is detected 
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FIGURE 31. A simple linear analog audio transmitter and receiver are shown. 

The carrier and 1.6V inputs are derived from the carrier detector of Figure 30. 

The remaining 2 LM339 comparators may be used to build the carrier detector circuit. 


Communication and System 
Protocols (Continued) 

sion in a system. Its first purpose is to put data in a base- 
band digital form that is more easily recognized as a real 
message at the receive end. Secondly, it incorporates en- 
coding techniques to ensure that noise induced errors do 
not easily occur; and when they do, they can always be 
detected. Lastly, the software algorithms that are used on 
the receive end to decode incoming data prevent the recep- 
tion of noise induced “phantom” messages, and insure the 
recovery of real messages from an incoming bit stream that 
has been altered by noise. 

2. System protocoh the manner in which messages are co- 
ordinated between nodes in a system. Its first purpose is to 


ensure message retransmission to correct errors (hand- 
shake). Secondly it coordinates messages for maximum uti- 
lization and efficiency on the network. Lastly, it ensures that 
messages do not collide on the network. Common system 
protocols include master-slave, carrier detect multiple ac- 
cess, and token passing. Token passing and master slave 
have been found to be the most useful since they are inher- 
ently collision free. 

Both protocols usually reside as software in a single micro- 
controller that is connected to the LM1 893/2893 I/O. In any 
case, some sort of intelligence is needed to process incom- 
ing and outgoing messages. UARTs have no usefulness in 
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Communication and System 
Protocols (Continued) 

carrier current applications since they do not have the intelli- 
gence needed to distinguish between real messages and 
noise induced phantoms. 

The difficulty in designing special protocols arises out of the 
special nature of the AC line, an environment laden with the 
worst imaginable noise conditions. The relatively low data 
rates possible over the AC line (typically less than 9600 
baud) make it even more imperative that systems utilize the 
most sophisticated means available to ensure network effi- 
ciency. 

With these facts in mind, the designer is referred to a publi- 
cation intended to aid in the development of carrier current 
systems. This is literature #570075 The Bi-Line Carrier Cur- 
rent Networking System, a 200 pp. book that functions as 
the “bible” of Bi-Line system design. It has sections on 
LM1893 circuit optimization, protocol design, evaluation kit 
usage, critical component selection, and the Datachecker/ 
DTS case study. 

Basic Data Encoding (please refer to the pre- 
viously mentioned publications for advanced techniques) 

At the beginning of a received transmission, the first 0 to 2 
bits may be lost while the chip’s receiver settles to the DC 
bias point required for the given transmitter/receiver pair 
carrier frequency offset. With proper data encoding, 
dropped start bits can be tolerated and correct communica- 
tion can take place. One simple data encoding scheme is 
now discussed. 

Generally, a CCT system consists of many transceivers that 
normally listen to the line at all times (or during predeter- 
mined time windows), waiting for a transmission that directs 
one or more of the receivers to operate. If any receiver finds 
its address in the transmitted data packet, further action 
such as handshaking with the transmitter is initiated. The 
receiver might tell the transmitter, via retransmission, that it 
received this data, waiting for acknowledgement before act- 
ing on the received command. Error detecting and correct- 
ing codes may be employed throughout. The transmitter 
must have the capability to retransmit after a time if no re- 
sponse from the receiver is heard - under the assumption 
that the receiver didn’t detect its address because of noise, 
or that the response was missed because of noise or a line 
collision. (A line collision happens when more than 1 trans- 
mitter operates at one time - causing one or more of the 
communications to fail). After many re-transmissions the 
transmitter might choose to give up. Collision recovery is 
achieved by waiting some variable amount of time before re- 


transmission, using a random number of bits delay or a de- 
lay based on each transmitter’s address, since each trans- 
ceiver has a unique address. 

An example of a simple transmission data packet is shown 
in Figure 32. The 8 bit 50% duty-cycle preamble is long 
enough to allow receiver biasing with enough bits left over 
to allow the receiver controller to detect the square-wave 
that signals the start of a transmission. If there had been no 
transmission for some time, the receiver would simply need 
to note that a data transition had occurred and begin its 
watch for a square-wave. If the receive controller detected 
the alternating-polarity data square-wave it would then use 
the sync, bit to signal that the address and data were imme- 
diately following. The address data would then be loaded, 
assuming the fixed format, and tested against its own. If the 
address was correct, the receiver would then load and store 
the data. If the address was not correct, either the transmis- 
sion was not meant for this receiver or noise has fooled the 
receiver. In the former case, when the transmission was not 
meant for the receiver, the controller should immediately 
return to watching the incoming data for its address. If the 
later case were true, then the receive controller would con- 
tinue to detect edges, tieing itself up by loading false data 
and being forced to handshake. The square-wave detection 
and address load and check routines should be fast to mini- 
mize the time spent in loops after being false-triggered by 
noise. If the controller detects an error (a received data bit 
that does not conform to the pre-defined encoding format) it 
should immediately resume watching the LM1893’s Data 
Out for transmissions, the next bit would be shifted in and 
the process repeated. 

A line-synchronous CCT system passing 3 bits per half-cy- 
cle may replace the long 8 bit preamble and sync pulse with 
a 2 bit start-of-transmission bias preamble. The receive con- 
troller might then assume that preamble always starts after 
bit 1 (the first bit after zero-crossing) so that any data tran- 
sition at a zero crossing must be the start of the address bits 
and is tested as such. The line synchronous receiver oper- 
ates with a simpler controller than an asynchronous system. 
Discussion has assumed that the controller has always 
known when the Data Out is high or low. The controller 
must sample at the proper time to check the Data Out state. 
Since noise shows itself as pulse width jitter, symmetrically 
placed about the no-noise switch-points, optimum Data Out 
sampling is done in the center of the received data pulse. 
The receive data path has a time delay that, at low data 
rates, is dominated by the impulse noise filter integrator and 
is nominally y 2 bit. At a 2 kHz data rate, an additional delay 
of approximately y 10 bit is added because of the cumulative 
delay of the remainder of the receiver. Figure 33 shows that 
Data Out sampling occurs conveniently at the transmitted 
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FIGURE 32. A simple encoded data packet, generated by the transmit controller is shown. 
The horizontal axis is time where 1 bit time is 1/(2foATA) 
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Basic Data Encoding (Continued) 



FIGURE 33. Operating waveforms of a line- 
synchronized transceiver pair are shown. The diagram 
shows how the transmitted data transitions may be 
used as received data sampling points 

data edges for the line synchronous data transmission 
scheme mentioned in the previous paragraph. With the 
asynchronous system suggested, the receive controller 
must sample the Data Out pin often to determine, with sev- 
eral bits of accuracy, where the square-wave data tran- 
sitions take place, average their positions assuming a 
known data rate, and calculate where the center of the data 
bits are and will continue to be as the address and data are 
read. A long preamble is helpful. Software that continuously 
updates the center-of-bit time estimate, as address and 
data are received, works even better. Alternatively, a coding 
scheme employing an embedded clock can be used. 

LM2893 Application Hints 

The LM2893 is intended for advanced applications where 
special circuitry is used in the transmit and receive paths. 
The LM2893 makes this possible by featuring separate 
transmit output and receive input pins. 

Examples of enhancements that can be added to the basic 
LM1 893/2893 circuit include separate transmit and receive 
windings on the coupling transformer, high quality ceramic 
or LC filters in the receive path, and simple impulse noise 
blanking circuits. 

In many applications, the additional performance to be 
gained outweighs the extra cost of the additional circuitry. 
More than likely, high performance industrial applications 
such as building energy management will fit into this catego- 
ry, since they require the utmost in reliability. 

Because of the specialized nature of individual LM2893 ap- 
plications, it is not possible to give one circuit that will satisfy 
all requirements for performance and cost effectiveness. 
Therefore no specific application examples will be given. 
Instead the subsequent text describes in general terms the 
types of circuits that can be used to increase performance 
along with their advantages and disadvantages. It is intend- 
ed to be a springboard for ideas. 

LM2893 COUPLING NETWORKS 

The main disadvantages of the typical LM1893 coupling 
network are that it functions as the bandpass filter, has 
loose coupling between primary and secondary, and has a 
single secondary. The LM1893 coupling network was de- 
signed this way mainly because of the restraint that the car- 
rier input and output are tied together. 


Because the coupling transformer is used as a filter, the 
LM1893 circuit is susceptible to pulling of the center fre- 
quency under conditions of changing line impedances or 
when several LM1893 circuits are close in proximity on the 
AC line. Because the tuned transformer has a high value of 
“Q”, ringing also occurs in the presence of impulsive noise. 
This ringing occurs at the center frequency and increases 
the error rate of transmissions, especially at relatively high 
data rates (>2000 baud). Because it is the only tuned circuit 
in the system, the selectivity characteristics leave a lot to be 
desired. 

The LM2893, having separate receive input and transmit 
output pins, removes the limitations on coupling transformer 
design, allowing the design of circuits devoid of the previous 
limitations. 

The first enhancement that can be made with the LM2893 
circuit is the use of a high permeability ferrite toroid for line 
coupling along with a separate filter. The transformer would 
be of broadband design (untuned) with two secondaries, 
one for coupling to the transmit output and one for coupling 
to the receive input. This allows impedance matching of 
both the transmitter and receiver, with the result of quite a 
bit more receive sensitivity. 

Because of the increased signal and separate receive signal 
path, a 3 or 6 db pad can be used before the selective 
stages to eliminate pulling of the center frequency due to 
changes in line impedance. 

Another advantage of the toroidal transformer is that it can 
be designed for use at very low line impedances due to its 
inherent tight coupling. 

SEPARATE FILTER 

Because of the separate receive path of the LM2893, a rela- 
tively high quality bandpass filter can be used for selectivity. 
Inexpensive ceramic filters are available that have band- 
pass and center frequency characteristics compatible with 
carrier current operation. Futhermore, the use of these fil- 
ters allows multichannel operation, previously made difficult 
by the single tuned network of the LM1893. These filters are 
easily cascaded for even more off-frequency rejection. If the 
pad is added before the filter, there will be negligible pulling 
due to changes in line impedance reflected through the cou- 
pling transformer. 

Alternatively, a Butterworth/Chebyshev bandpass LC filter 
or an active filter can be used in place of the ceramic filter. 

IMPULSE NOISE BLANKER 

Although the LM2893 has adequate impulse noise rejection 
for most applications, there is reason to employ impulse 
blanking to improve error rates in severe AC line environ- 
ments. Typically, errors occur due to pulse jitter in the 
LM1 893/2893 data output that originates when the internal 
time domain filter smooths out an incoming noise pulse. 
The solution involves removing the impulse completely and 
not simply trying to filter it. Moreover, the pulse should be 
removed in the receive signal path before the selective por- 
tions of the circuit to eliminate ringing. This also allows the 
receiver filter to smooth out the blanks that also occur in the 
desired incoming carrier signal. 

If a carrier detect circuit is desired in conjunction with the 
LM2893 it can be located after the filter and impulse blank- 
er. Because impulse noise is removed, the false triggering 
that plagues these circuits will be greatly reduced. 
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LMC567 Low Power Tone Decoder 

General Description 

The LMC567 is a low power general purpose LMCMOStm 
tone decoder which is functionally similar to the industry 
standard LM567. It consists of a twice frequency voltage- 
controlled oscillator (VCO) and quadrature dividers which 
establish the reference signals for phase and amplitude de- 
tectors. The phase detector and VCO form a phase-locked 
loop (PLL) which locks to an input signal frequency which is 
within the control range of the VCO. When the PLL is locked 
and the input signal amplitude exceeds an internally pre-set 
threshold, a switch to ground is activated on the output pin. 

External components set up the oscillator to run at twice the 
input frequency and determine the phase and amplitude fil- 
ter time constants. 


Block Diagram (with External Components) 


V S 



Features 

■ Functionally similar to LM567 

■ 2V to 9 V supply voltage range 

■ Low supply current drain 

■ No increase in current with output activated 

■ Operates to 500 kHz input frequency 

■ High oscillator stability 

■ Ground-referenced input 

■ Hysteresis added to amplitude comparator 

■ Out-of-band signals and noise rejected 

■ 20 mA output current capability 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage, Pin 3 2 V p _ p 

Supply Voltage, Pin 4 1 0V 

Output Voltage, Pin 8 1 3 V 

Voltage at All Other Pins Vs to Gnd 

Output Current, Pin 8 30 mA 

Package Dissipation 500 mW 

Operating Temperature Range 0 a) - 25°C to + 1 25°C 


Storage Temperature Range 
Soldering Information 
Dual-1 n-Line Package 
Soldering (10 sec.) 

Small Outline Package 
Vapor Phase (60 sec.) 
Infrared (15 sec.) 

See AN-450 “Surface Mounting 
on Product Reliability” for other 
face mount devices. 


- 55°C to + 1 50°C 


215°C 

220°C 

Methods and Their Effect 
methods of soldering sur- 


Electrical Characteristics 

Test Circuit, Ta = 25°C, V s = 5V, RtCt #2, Sw. 1 Pos. 0, and no input, unless otherwise noted. 


Symbol Parameter Conditions 

14 Power Supply Current RtCt # 1 , Quiescent V s = 2V 

or Activated w _ cw 


Input D.C. Bias 
Input Resistance 


Output Leakage 


Center Frequency, 

F osr 2 


Center Frequency 
Shift with Supply 


Input Threshold 


AV; n Input Hysteresis 


V8 Output ‘Sat’ Voltage 


L.D.B.W. Largest Detection 
Bandwidth 


ABW Bandwidth Skew 


f max Highest Center Freq. 



RtCt #2, Measure Oscillator 
Frequency and Divide by 2 


Set Input Frequency Equal to fo 
Measured Above, Increase Input 
Level Until Pin 8 Goes Low. 


Starting at Input Threshold, Decrease Input 
Level Until Pin 8 goes High. 


Input Level > Threshold 
Choose RL for Specified 18 


Measure F osc with Sw. 1 in 
Pos. 0, 1 , and 2; 


k-i) 


RtCt #3, Measure Oscillator Frequency and 
Divide by 2 


Set Input Frequency Equal to f max measured 
Above, Increase Input Level Until Pin 8 goes Low. 
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Test Circuit 



TL/H/8670-2 


Typical Performance Characteristics 


Supply Current vs. 
Operating Frequency 
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Applications Information (refer to Block Diagram) 


GENERAL 

The LMC567 low power tone decoder can be operated at 
supply voltages of 2 V to 9V and at input frequencies ranging 
from 1 Hz up to 500 kHz. 

The LMC567 can be directly substituted in most LM567 ap- 
plications with the following provisions: 

1 . Oscillator timing capacitor Ct must be halved to double 
the oscillator frequency relative to the input frequency 
(See OSCILLATOR TIMING COMPONENTS). 

2. Filter capacitors Cl and C2 must be reduced by a factor 
of 8 to maintain the same filter time constants. 

3. The output current demanded of pin 8 must be limited to 
the specified capability of the LMC567. 

OSCILLATOR TIMING COMPONENTS 

The voltage-controlled oscillator (VCO) on the LMC567 
must be set up to run at twice the frequency of the input 
signal tone to be decoded. The center frequency of the 
VCO is set by timing resistor Rt and timing capacitor Ct 
connected to pins 5 and 6 of the 1C. The center frequency 
as a function of Rt and Ct is given by: 

Fos ° 3 l4itct Hz 

Since this will cause an input tone of half F osc to be decoded, 

Finpu,s, 5JStct Hz 

This equation is accurate at low frequencies; however, 
above 50 kHz (F 0S c = 100 kHz), internal delays cause the 
actual frequency to be lower than predicted. 

The choice of Rt and Ct will be a tradeoff between supply 
current and practical capacitor values. An additional supply 
current component is introduced due to Rt being switched 
to V s every half cycle to charge Ct: 

l s due to Rt = V s /(4Rt) 

Thus the supply current can be minimized by keeping Rt as 
large as possible (see supply current vs. operating frequen- 
cy curves). However, the desired frequency will dictate an 
RtCt product such that increasing Rt will require a smaller 
Ct. Below Ct = 100 pF, circuit board stray capacitances 
begin to play a role in determining the oscillation frequency 
which ultimately limits the minimum Ct. 

To allow for I.C. and component value tolerances, the oscil- 
lator timing components will require a trim. This is generally 
accomplished by using a variable resistor as part of Rt, al- 
though Ct could also be padded. The amount of initial fre- 
quency variation due to the LMC567 itself is given in the 
electrical specifications; the total trim range must also ac- 
commodate the tolerances of Rt and Ct. 

SUPPLY DECOUPLING 

The decoupling of supply pin 4 becomes more critical at 
high supply voltages with high operating frequencies, requir- 
ing C4 to be placed as close as possible to pin 4. 


INPUT PIN 

The input pin 3 is internally ground-referenced with a nomi- 
nal 40 kH resistor. Signals which are already centered on 
0V may be directly coupled to pin 3; however, any d.c. po- 
tential must be isolated via a coupling capacitor. Inputs of 
multiple LMC567 devices can be paralleled without individu- 
al d.c. isolation. 

LOOP FILTER 

Pin 2 is the combined output of the phase detector and 
control input of the VCO for the phase-locked loop (PLL). 
Capacitor C2 in conjunction with the nominal 80 k Cl pin 2 
internal resistance forms the loop filter. 

For small values of C2, the PLL will have a fast acquisition 
time and the pull-in range will be set by the built in VCO 
frequency stops, which also determine the largest detection 
bandwidth (LDBW). Increasing C2 results in improved noise 
immunity at the expense of acquisition time, and the pull-in 
range will begin to become narrower than the LDBW (see 
Bandwidth as a Function of C2 curve). However, the maxi- 
mum hold-in range will always equal the LDBW. 

OUTPUT FILTER 

Pin 1 is the output of a negative-going amplitude detector 
which has a nominal 0 signal output of 7/9 V s . When the 
PLL is locked to the input, an increase in signal level causes 
the detector output to move negative. When pin 1 reaches 
2/3 V s the output is activated (see OUTPUT PIN). 
Capacitor Cl in conjunction with the nominal 40 ka pin 1 
internal resistance forms the output filter. The size of Cl is a 
tradeoff between slew rate and carrier ripple at the output 
comparator. Low values of Cl produce the least delay be- 
tween the input and output for. tone burst applications, while 
larger values of Cl improve noise immunity. 

Pin 1 also provides a means for shifting the input threshold 
higher or lower by connecting an external resistor to supply 
or ground. However, reducing the threshold using this tech- 
nique increases sensitivity to pin 1 carrier ripple and also 
results in more part to part threshold variation. 

OUTPUT PIN 

The output at pin 8 is an N-channel FET switch to ground 
which is activated when the PLL is locked and the input tone 
is of sufficient amplitude to cause pin 1 to fall below 2/3 V s . 
Apart from the obvious current component due to the exter- 
nal pin 8 load resistor, no additional supply current is re- 
quired to activate the switch. The on resistance of the 
switch is inversely proportional to supply; thus the ‘sat’ volt- 
age for a given output current will increase at lower sup- 
plies. 
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LMC568 


National Semiconductor 


LMC568 Low Power Phase-Locked Loop 


General Description 

The LMC568 is an amplitude-linear phase-locked loop con- 
sisting of a linear VCO, fully balanced phase detectors, and 
a carrier detect output. LMCMOStm technology is employed 
for high performance with low power consumption. 

The VCO has a linearized control range of ± 30% to allow 
demodulation of FM and FSK signals. Carrier detect is indi- 
cated when the PLL is locked to an input signal greater than 
26 mVrms. LMC568 applications include FM SCA and TV 
second audio program decoders, FSK data demodulators, 
and voice pagers. 


Features 

■ Demodulates ± 1 5% deviation FM/FSK signals 

■ Carrier Detect Output with hysteresis 

■ Operation to 500 kHz input frequency 

■ Low THD — 0.5% typ. for ±10% deviation 

■ 2V to 9V supply voltage range 

■ Low supply current drain 


Typical Application (100 kHz input frequency, refer to notes pg. 4-1 94) 


J.05 ptF 


CARRIER DETECT 



DE- EMPHASIS 


INPUT >—) 


SET F osc TO 2 x INPUT FREQ. 
MEASURE WITH <10 pF PROBE* 


Order Number LMC568CM or LMC568CN 
See NS Package Number M08A or N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Input Voltage, Pin 3 2 V p _ p 

Supply Voltage, Pin 4 1 0V 

Output Voltage, Pin 8 13V 

Voltage at All Other Pins V s to Gnd 

Output Current, Pin 8 30 mA 

Package Dissipation 500 mW 


Operating T emperature Range 0a) - 2 5°C to + 1 25°C 

Storage T emperature Range - 55°C to + 1 50°C 

Soldering Information 
Dual-In-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor Phase (60 seconds) 21 5°C 

I nf rared ( 1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and their Effect on 
Product Reliability” for other methods of soldering surface 
mount devices. 


Electrical Characteristics 

Test Circuit, Ta = 25°C, Vs = 5V, RtCt #2, Sw. 1 Pos. 0; and no input unless otherwise noted. 






Conditions 


Power Supply Current 


Input D.C. Bias 


Input Resistance 


Output Leakage 


Center Frequency 
F osc ‘*■2 


Center Frequency 
Shift with Supply 


Input Threshold 


Input Hysteresis 


Output ‘Sat’ Voltage 


Largest Detection 
Bandwidth 


Bandwidth Skew 


RtCt # 1 , Quiescent 
or Activated 


RtCt #2, Measure Oscillator 
Frequency and Divide by 2 


f o l ?v-<o | 2 v x100 
7 fol5V 


Set Input Frequency Equal to fo 
Measured Above, Increase Input 
Level until Pin 8 Goes Low. 


V S = 2V 


V S = 5V 


V S = 9V 


V S = 2V 


V S = 5V 


V S = 9V 


V S = 2V 


V S = 5V 


V S = 9V 


Starting at Input Threshold, Decrease Input Level 
until Pin 8 Goes High. 


Input Level > Threshold 18 = 2 n 

Choose RL for Specified 18 ~ pn 


V S = 2V 


V S = 5V 


V S = 9V 








Recovered Audio 


Total Harmonic 
Distortion 



Highest Center Freq. 


Typical Application Circuit 
Input = 100 mVrms, F = 100 kHz 
Fmod = 400 Hz, ± 10 kHz Dev - 


Typical Application Circuit 
as Above, Measure V out Distortion. 


Typical Application Circuit 
Remove Modulation, Measure V n 
(S + N)/N = 20 log (V out /V n ). 


RtCt #3, Measure Oscillator Frequency 
and Divide by 2 


V s — 2V 


V s = 5V 


V s = 9V 
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LMC568 


Test Circuit 



RtCt 

Rt 

Ct 

#1 

100k 

300 pF 

#2 

10k 

300 pF 

#3 

5.1k 

62 pF 


Notes to Typical Application 

SUPPLY DECOUPLING OUTPUT TAKEOFF 


The decoupling of supply pin 4 becomes more critical at 
high supply voltages with high operating frequencies, requir- 
ing C4 to be placed as close to possible to pin 4. Also, due 
to pin voltages tracking supply, a large C4 is necessary for 
low frequency PSRR. 

OSCILLATOR TIMING COMPONENTS 

The voltage-controlled oscillator (VCO) on the LMC568 
must be set up to run at twice the frequency of the input 
signal. The components shown in the typical application are 
for F osc = 200 kHz (100 kHz input frequency). For opera- 
tion at lower frequencies, increase the capacitor value; for 
higher frequencies proportionally reduce the resistor values. 
If low distortion is not a requirement, the series diode/ resis- 
tor between pins 6 and 5 may be omitted. This will reduce 
VCO supply dependence and increase V ou t by approximate- 
ly 2 dB with THD = 2% typical. The center frequency as a 
function of Rt and Ct is given by: 

Fosc a T7^tct Hz 

To allow for I.C. and component value tolerences, the oscil- 
lator timing components will require a trim. This is generally 
accomplished by using a variable resistor as part of Rt, al- 
though Ct could also be padded. The amount of initial fre- 
quency variation due to the LMC568 itself is given in the 
electrical specifications; the total trim range must also ac- 
commodate the tolerances of Rt and Ct. 

INPUT PIN 

The input pin 3 is internally ground-referenced with a nomi- 
nal 40 kfl resistor. Signals that are centered on OV may be 
directly coupled to pin 3; however, any d.c. potential must 
be isolated via C3. 


The output signal is taken off the loop filter at pin 2. Pin 2 is 
the combined output of the phase detector and control input 
of the VCO for the phase-locked loop (PLL). The nominal 
pin 2 source resistance is 80 kfl, requiring the use of an 
external buffer transistor to drive nominal loads. 

For small values of C2, the PLL will have a fast acquisition 
time and the pull-in range will be set by the built-in VCO 
frequency stops, which also determine the largest detection 
bandwidth (LDBW). Increasing C2 results in improved noise 
immunity at the expense of acquisition time, and the pull-in 
range will become narrower than the LDBW. However, the 
maximum hold-in range will always equal the LDBW. The 2 
kHz de-emphasis pole shown may be modified or omitted as 
required by the application. 

CARRIER DETECT 

Pin 1 is the output of a negative-going amplitude detector 
which has a nominal 0 signal output of 7/9 V s . The output at 
pin 8 is an N-channel FET switch to ground which is activat- 
ed when the PLL is locked and the input is of sufficient 
amplitude to cause pin 1 to fall below 2/3 V s . The carrier 
detect threshold is internally set to 26 mVrms typical on a 
5V supply. 

Capacitor Cl in conjunction with the nominal 40 kfl pin 1 
internal resistance forms the output filter. The size of Cl is a 
tradeoff between slew rate and carrier ripple at the output 
comparator. Optional resistor Rh increases the hysteresis in 
the pin 8 output for applications such as audio mute control. 
The minimum allowable value for R H is 330 kfl. 
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LM 1 22/LM322/LM3905 



National Semiconductor 


LM122/LM322/LM3905 Precision Timers 

General Description 


The LM122 series are precision timers that offer great ver- 
satility with high accuracy. They operate with unregulated 
supplies from 4.5V to 40V while maintaining constant timing 
periods from microseconds to hours. Internal logic and reg- 
ulator circuits complement the basic timing function 
enabling the LM122 series to operate in many different ap- 
plications with a minimum of external components. 

The output of the timer is a floating transistor with built in 
current limiting. It can drive either ground referred or supply 
referred loads up to 40V and 50 mA. The floating nature of 
this output makes it ideal for interfacing, lamp or relay driv- 
ing, and signal conditioning where an open collector or emit- 
ter is required. A “logic reverse” circuit can be programmed 
by the user to make the output transistor either “on” or 
“off” during the timing period. 

The trigger input to the LM122 series has a threshold of 
1 .6V independent of supply voltage, but it is fully protected 
against inputs as high as ±40 V — even when using a 5V 
supply. The circuitry reacts only to the rising edge of the 
trigger signal, and is immune to any trigger voltage during 
the timing periods. 

An internal 3.15V regulator is included in the timer to reject 
supply voltage changes and to provide the user with a con- 
venient reference for applications other than a basic timer. 
External loads up to 5 mA can be driven by the regulator. An 
internal 2V divider between the reference and ground sets 
the timing period to 1 RC. The timing period can be voltage 
controlled by driving this divider with an external source 
through the Vadj pin. Timing ratios of 50:1 can be easily 
achieved. 


The comparator used in the LM122 utilizes high gain PNP 
input transistors to achieve 300 pA typical input bias current 
over a common mode range of 0V to 3V. A boost terminal 
allows the user to increase comparator operating current for 
timing periods less than 1 ms. This lets the timer operate 
over a 3 /is to multi-hour timing range with excellent repeat- 
ability. 

The LM122 operates over a temperature range of -55°C to 
+ 125°C. An electrically identical LM322 is specified from 
0°C to + 70°C. The LM3905 is identical to the LM122 series 
except that the boost and Vadj P< n options are not avail- 
able, limiting minimum timing period to 1 ms. 

Features 

■ Immune to changes in trigger voltage during timing 
interval 

■ Timing periods from microseconds to hours 

■ Internal logic reversal 

■ Immune to power supply ripple during the timing 
interval 

■ Operates from 4.5V to 40V supplies 

■ Input protected to ±40V 

■ Floating transistor output with internal current limiting 

■ Internal regulated reference 

■ Timing period can be voltage controlled 

■ TTL compatible input and output 


Connection Diagrams 


Metal Can Package 

EMITTER 



TL/H/7768-6 

Top View 

Order Number LM122H 
See NS Package Number H10C 


Dual-In-Line Package 



Order Number LM322N 
See NS Package Number N14A 


Dual-ln-Line Package 



Order Number LM3905N 
See NS Package Number N08E 
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Absolute Maximum Ratings 

If Mllitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Power Dissipation 500 mW 

V + Voltage 40 V 

Collector Output Voltage 40V 

Vref Current 5 mA 

T rigger Voltage ± 40V 

Vadj Voltage (Forced) 5V 


Logic Reverse Voltage 5.5V 

Output Short Circuit Duration (Note 1) 

Lead Temperature 

(Soldering, 10 sec.) 260°C 

Operating Temperature Range 
LM122 — 55°C ^ T a <; + 125°C 

LM322 0°C<:T A ^ +70°C 

LM3905 0°C <LT A <L + 70°C 


Electrical Characteristics (Note 2) 


Parameter 

Conditions 


LM122 


LM322 


LM3905 









Min 

Typ 



Typ 

Max 







Timing Ratio 

T a = 25°C, 4.5V ^ V+ <; 40V 

0.626 

0.632 

0.638 

0.620 

0.632 

0.644 

0.620 

0.632 

0.644 



Boost Tied to V + , (Note 3) 

0.620 

0.632 

0.644 

0.620 

0.632 

0.644 





Comparator Input 

T a = 25°C, 4.5V SV+S 40V 


0.3 



0.3 



0.5 

1.5 

nA 

Current 

Boost Tied to V+ 


30 



30 





nA 

Trigger Voltage 

T a = 25°C, 4.5V <: V+ ^ 40V 

1.2 

1.6 

2 

1.2 

1.6 

2 

1.2 

1.6 

2 

V 

Trigger Current 

T A = 25°C, Vjrig = 2V 


25 



25 



25 


julA 

Supply Current 

T a ^ 25°C, 4.5V <: V+ £ 40V 


2.5 

4 


2.5 

IB 


2.5 

4.5 

mA 

Timing Ratio 

4.5V ^M+ <. 40 V 

0.62 


0.644 

0.61 


0.654 

0.61 


0.654 



Boost Tied to V+ 

0.62 


0.644 

0.61 


0.654 





Comparator Input 

4.5V ^ V+ ^ 40V 

-5 


5 

-2 


2 

-2.5 


IS 

nA 

Current 

Boost Tied to V + , (Note 4) 



100 



150 



mm 

nA 

Trigger Voltage 

4.5V <.W+ <. 40V 




0.8 


m 

0.8 


m 

V 

Trigger Current 

Vjrig = 2.5V 



200 






200 

ju,A 

Output Leakage 

Current 

V C e = 40V 



1 



5 



5 

jitA 

Capacitor Saturation 

Rt ^ 1 Mfl 


m | 






mm 


mV 

Voltage 

R t = 10 kn 


E3 



25 





mV 

Reset Resistance 



El 



150 



a 


f 1 


T a = 25°C 

3 

3.15 


3 

3.15 

E9 

3 



V 

Reference Regulation 

o <; loUT ^ 3 mA 


20 

50 


20 

H 



50 

mV 


4.5V V+ <; 40V 


6 

25 


6 

wm 


■ 

25 

mV 

Collector Saturation 

l L = 8 mA 


0.25 

IB 


0.25 




0.4 

V 

Voltage 

II = 50 mA 


0.7 

IB 


0.7 

WM 


la 

1.4 

V 

Emitter Saturation 

T a = 25°C, l L = 3 mA 


1.8 



1.8 



m 

2.2 

V 

Voltage 

T a = 25°C, l L = 50 mA 


2.1 

m 


2.1 

11 


KB 

3 

V 

Average Temperature 
Coefficient of Timing 
Ratio 



0.003 



0.003 



0.003 


%/°C 

Minimum Trigger Width 

Vtrig = 3V 


0.25 



0.25 



0.25 


jus 


Note 1: Continuous output shorts are not allowed. Short circuit duration at ambient temperatures up to 40°C may be calculated from t = 120/Vce seconds, where 
Vqe is the collector to emitter voltage across the output transistor during the short. 

Note 2: These specifications apply for Tamin ^ Ta ^ Tamax unless otherwise noted. 

Note 3: Output pulse width can be calculated from the following equation: t = (Rt) (Cf) [T— 2(0.632 - r) - Vq/Vref) where r is timing ratio and Vc is capacitor 
saturation voltage. This reduces to t = (R t ) (Ct) for all but the most critical applications. 

Note 4: Sign reversal may occur at high temperatures (> 100°C) where comparator input current is predominately leakage. See typcial curves. 

Note 5: Refer to RETS122X drawing of military LM122H version for specifications. 
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Typical Performance Characteristics 


Comparator Bias Current 



Comparator Bias Current 


S M ( TRIGGER "LO" - 
“ 1.6 S — T A * 100“C J — 

1 'ESI 


COMPARATOR INPUT VOLTAGE (V) 


0 .6 1 1.6 2 2.6 
COMPARATOR INPUT VOLTAGE (V) 


Comparator Bias Current 
(LM122/LM322) 


26 I — T A * 126°C ~) 

TRIGGER "HI" 

15 BOOST TIED TO V* 


0 .6 1 1.6 2 2.5 

COMPARATOR INPUT VOLTAGE (V) 


Supply Current 



Trigger input Characteristics 


Trigger Threshold 




8 16 24 32 46 


-55 -15 25 65 105 


Output Transistor Saturation 
Characteristics at Low Currents 


Collector Output Saturation 
Characteristics at High Current 


Timing Error Due to 
Comparator Bias Current 



0 40 60 120 160 200 

SATURATION VOLTAGE (mV) 


0 .6 1 1.5 2 2.5 



Reference Regulation 


Reference Regulation 


Suggested Timing Components 


I IYO 

- t a «-ss*c -Jc 


0 0 16 24 32 40 




-2 0 2 4 6 0 


1m 100m 10M 1 100 10k 


Short Output Pulse 
(LM122/LM322) 


Short Output Pulse 
(LM122/LM322) 


Logic Pin Characteristics 


THRESHOLOFOR 
150 h OUTPUT SWITCHING ~ 
| ISO mV TYPICAL 


; 1 1 u | . 

COLLECTOR OUTPUT R L - 5000 
0 1 2 3 4 5 


_ V‘ « 5V 

R, * 10k 

0 — C,= 300 pF — j — M l) I — 
COLLECTOR OUTPUT R L 5000 
0 1 2 3 4 5 


1 2 3 4 5 6 
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Timing Diagram 




TIMER FUNCTION I COMPARATOR FUNCTION 

(CAPACITOR FROM R/C TO GND) 1 (NO CAPACITOR FROM R/C TO GND. 

R > 1 k« IN SERIES WITH R/C PIN) 


Pin Function Description 


One of the main features of the LM122 is its great versatility. 
Since this device is unique, a description of the functions 
and limitations of each pin is in order. This will make it much 
easier to follow the discussion of the various applications 
presented in this note. 

V+ is the positive supply terminal of the LM122. When us- 
ing a single supply, this terminal may be driven by any volt- 
age between 4.5V and 40V. The effect of supply variations 
on timing period is less than 0.005 %/V, so supplies with 
high ripple content may be used without causing pulse width 
changes. Supply bypassing on V+ is not generally needed 
but may be necessary when driving highly reactive loads. 


Quiescent current drawn from the V+ terminal is typically 
2.5 mA, independent of the supply voltage. Of course, addi- 
tional current will be drawn if the reference is externally 
loaded. 

The Vref pin is the output of a 3.15V series regulator refer- 
enced to the ground pin. Up to 5,0 mA can be drawn from 
this pin for driving external networks. In most applications 
the timing resistor is tied to V RE f, but it need not be in 
situations where a more linear charging current is required. 
The regulated voltage is very useful in applications where 
the LM122 is not used as a timer; such as switching regula- 
tors, variable reference comparators, and temperature con- 
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Pin Function Description (Continued) 

trollers. Typical temperature drift of the reference is less 
than 0.01 %/°C. 

The trigger terminal is used to start a timing cycle (see 
functional diagram). Initially, Q1 is saturated, Ct is dis- 
charged and the latching buffer output (VI) is latched high. 
A trigger pulse unlatches the buffer, VI goes low and turns 
Q1 off. The timing capacitor C t connected from R/C to GND 
will begin to charge. When the voltage at the R/C terminal 
reaches the 2.0V threshold of the comparator, the compara- 
tor toggles, latching the buffer output (VI) in the high state. 
This turns on Q1 , discharges the capacitor C t and the cycle 
is ready to begin again. 

If the trigger is held high as the timing period ends, the 
comparator will toggle and VI will go high exactly as before. 
However, VI will not be latched and the capacitor will not 
discharge until the trigger again goes low. When the trigger 
goes low, VI remains high but is now latched. 

Trigger threshold is typically 1.6V at 25°C and has a tem- 
perature dependence of -5.0 mV/°C. Current drawn from 
the trigger source is typically 20 pA at threshold, rising to 
600 pA at 30V, then leveling off due to FET action of the 
series resistor, R5. For negative input trigger voltages, the 
only current drawn is leakage in the nA region. The trigger 
can be driven from supplies as high as ±40V, even when 
device supply voltage is only 5V. 

The R/C pin is tied to the non-inverting side of the compara- 
tor and to the collector of Q1 . Timing ends when the voltage 
on this pin reaches 2.0V (1 RC time constant referenced to 
the 3.15V regulator). Q1 turns on only if the trigger voltage 
has dropped below threshold: In comparator or regulator 
applications of the timer, the trigger is held permanently 
high and the R/C pin acts just like the input to an ordinary 
comparator. The maximum voltages which can be applied to 
this pin are + 5.5V and -0.7V. Current from the R/C pin is 
typically 300 pA when the voltage is negative with respect to 
the Vadj terminal. For higher voltages, the current drops to 
leakage levels. In the boosted mode, input current is typical- 
ly 30 nA. Gain of the comparator is very high, 200,000 or 
more, depending on the state of the logic reverse pin and 
the connection of the output transistor. 

The ground pin of the LM122 need not necessarily be tied 
to system ground. It can be connected to any positive or 
negative voltage as long as the supply is negative with re- 
spect to the V + terminal. Level shifting may be necessary 
for the input trigger if the trigger voltage is referred to sys- 
tem ground. This can be done by capacitive coupling or by 
actual resistive or active level shifting. One point must be 
kept in mind; the emitter output must not be held above the 
ground terminal with a low source impedance. This could 
occur, for instance, if the emitter were grounded when the 
ground pin of the LM122 was tied to a negative supply. 
The terminal labled Vadj is tied t0 one side of the compara- 
tor and to a voltage divider between Vref and ground. The 
divider voltage is set at 63.2% of Vref with respect to 
ground — exactly one RC time constant. The impedance of 
the divider is increased to about 30k with a series resistor to 


present a minimum load on external signals tied to Vadj. 
This resistor is a pinched type with a typical variation in 
nominal value of -50%, + 100% and a TC of 0.7%/°C. For 
this reason, external signals (typically a pot between Vref 
and ground) connected to Vadj should have a source re- 
sistance as low as possible. For small changes in Vadj. u P 
to several kft is all right, but for large variations, 250ft or 
less should be maintained. This can be accomplished with a 
Ik pot, since the maximum impedance from the wiper is 
250ft. If a voltage is forced on Vadj from a hard source, 
voltage should be limited to —0.5, and + 5.0V, or current 
limited to ±1.0 mA. This includes capacitively coupled sig- 
nals because even small values of capacitors contain 
enough energy to degrade the input stage if the capacitor is 
driven with a large, fast slewing signal. The Vadj P in ma Y be 
used to abort the timing cycle. Grounding this pin during the 
timing period causes the timer to react just as if the capaci- 
tor voltage had reached its normal RC trigger point; the 
capacitor discharges and the output charges state. An ex- 
ception to this occurs if the trigger pin is held high, when the 
Vadj pin is grounded. In this case, the output changes 
state, but the capacitor does not discharge. 

If the trigger drops while Vadj is being held low, discharge 
will occur immediately and the cycle will be over. If the trig- 
ger is still high when Vadj is released, the output may or 
may not change state, depending on the voltage across the 
timing capacitor. For voltages below 2.0V across the timing 
capacitor, the output will change state immediately, then 
once more as the voltage rises past 2.0V. For voltages 
above 2.0V, no change will occur in the output. This pin is 
not available on the LM2905/LM3905. 

In noisy environments or in comparator-type applications, a 
bypass capacitor on the Vadj terminal may be needed to 
eliminate spurious outputs because it is high impedance 
point. The size of the cap will depend on the frequency and 
energy content of the noise. A 0.1 jllF will generally suffice 
for spike suppression, but several pF may be used if the 
timer is subjected to high level 60 Hz EMI. 

The emitter and the collector outputs of the timer can be 
treated just as if they were an ordinary transistor with 40V 
minimum collector-emitter breakdown voltage. Normally, the 
emitter is tied to the ground pin and the signal is taken 
from the collector, or the collector is tied to V+ and the 
signal is taken from the emitter. Variations on these basic 
connections are possible. The collector can be tied to any 
positive voltage up to 40V when the signal is taken from the 
emitter. However, the emitter will not be pulled higher than 
the supply voltage on the V+ pin. Connecting the collector 
to a voltage less than the V+ voltage is allowed. The emit- 
ter should not be connected to a low impedance load other 
than that to which the ground pin is tied. The transistor has 
built-in current limiting with a typical knee current of 120 mA. 
Temporary short circuits are allowed; even with collector- 
emitter voltages up to 40V. The power x time product, how- 
ever, must not exceed 15 watt-seconds for power levels 
above the maximum rating of the package. A short to 30V, 
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Pin Function Description (Continued) 

for instance, cannot be held for more than 4 seconds. 
These levels are based on 40°C maximum initial chip tem- 
perature. When driving inductive loads, always use a clamp 
diode to protect the transistor from inductive kick-back. 

A boost pin is provided on the LM122 to increase the speed 
of the internal comparator. The comparator Is normally op- 
erated at low current levels for lowest possible input current. 
For timing periods less than 1 ms, where low input current is 
not needed, comparator operating current can be increased 
several orders of magnitude. Shorting the boost terminal to 
V+ increases the emitter current of the vertical PNP drivers 
in the differential stage from 25 nA to 5 jA This pin is not 
available on the LM3905. 

With the timer in the unboosted state, timing periods are 
accurate down to about 1 ms. In the boosted mode, loss of 
accuracy due to comparator speed is only about 800 ns, so 
timing periods of several microseconds can be used. The 
800 ns error is relatively insensitive to temperature, so tem- 
perature coefficient of pulse width is still good. 

The Logic pin is used to reverse the signal appearing at the 
output transistor. An open or “high” condition on the logic 
pin programs the output transistor to be “off” during the 
timing period and “on” all other times. Grounding the logic 
pin reverses the sequence to make the transistor “on” dur- 
ing the timing period. Threshold for the logic pin is typically 
100 mV with 150 p,A flowing out of the terminal. If an active 
drive to the logic pin is desired, a saturated transistor drive 
is recommended, either with a discrete transistor or the 
open collector output of integrated logic. A maximum V$at 
of 25 mV at 200 ju,A is required. Minimum and maximum 
voltages that may appear on the logic pin are 0 and + 5.0, 
respectively. 

Typical Applications 

Basic Timers 

Figure 1 is a basic timer using the collector output. Rt and Ct 
set the time interval with R|_ as the load. During the timing 
interval the output may be either high or low depending on 
the connection of the logic pin. Timing waveforms are 
shown in the sketch along side Figure 1. Note that the trig- 
ger pulse may be either shorter or longer than the output 
pulse width. 

Figure 2 is again a basic timer, but with the output taken 
from the emitter of the output transistor. As with the collec- 
tor output, either a high or low condition may be obtained 
during the timing period. 

Simulating a Thermal Delay Relay 
Figure 3 is an application where the LM1 22 is used to simu- 
late a thermal delay relay which prevents power from being 
applied to other circuitry until the supply has been on for 
some time. The relay remains de-energized for R t Ct sec- 
onds after Vcc is applied, then closes and stays energized 
until Vqc is turned off. Figure 4 is a similar circuit except that 
the relay is energized as soon as Vcc is applied. Rt Ct sec- 
onds later, the relay is de-energized and stays off until the 
Vcc supply is recycled. 
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FIGURE 1. Basic Timer-Collector 
Output and Timing Chart 
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FIGURE 2. Basic Timer-Emitter Output and Timing Chart 



(Relay Energized R t C t Seconds after Vqc is Applied) 


+ 5V Supply Driving 28V Relay 

Figure 5 shows the timer interfacing 5V logic to a high volt- 
age relay. Although the V+ terminal could be tied to the 
+ 28V supply, this may be an unnecessary waste of power 
in the 1C or require extra wiring if the LM122 is on a logic 
card. In either case, the threshold for the trigger is 1 .6 V. 
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Typical Applications (Continued) 



FIGURE 4. Time Out on Power Up (Relay Energized Until 
Rt Ct Seconds After Vcc is Applied) 



30V Supply Interfacing with 5V Logic 

Figure 6 indicates the ability of the timer to interface to digi- 
tal logic when operating off a high supply voltage. Vqut 
swings between + 5V and ground with a minimum fanout of 
5 for medium speed TTL. If the logic is sensitive to rise/fall 
time of the trailing edge of the output pulse, the trigger pin 
should be low at that time. 



TL/H/7768-16 

FIGURE 6. 30V Supply Interfacing with 5V Logic 
Astable Operation 

The LM122 can be made into a self-starting oscillator by 
feeding the output back to the trigger input through a capac- 
itor as shown in Figure 7. Operating frequency is 1 / (Rt + 
Ri)(C t ). The output is a narrow negative pulse whose width 
is approximately 2 R 2 Cf. For optimum frequency stability, Cf 
should be as small as possible. The minimum value is deter- 


mined by the time required to discharge Ct through the inter- 
nal discharge transistor. A conservative value for Cf can be 
chosen from the graph included with Figure 20. For frequen- 
cies below 1 kHz, the frequency error introduced by Cf is a 
few tenths of one percent or less for Rt ^ 500k. 
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FIGURE 7. Oscillator 
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One Hour Timer with Reset and Manual Cycle End 

Figure 8 shows the LM122 connected as a one hour timer 
with manual controls for start, reset, and cycle end. SI 
starts timing, but has no effect after timing has started. S2 is 
a center off switch which can either end the cycle prema- 
turely with the appropriate change in output state and dis- 
charging of C t , or cause C t to be reset to OV without a 
change in output. In the latter case, a new timing period 
starts as soon as S2 is released. 



TRIGGER 

BOOST 

I 

LOGIC 

V* 

-T 




V REF COLLECTOR 

T 

■4* * V OUT 

R/C 

EMITTER 



Vadj 

GND 




•Dearborn 

Electronics 

LP9A1A476K 

Polycarbonate 

TL/H/7768-19 


FIGURE 8. One Hour Timer with Reset 
and Manual Cycle End 
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Typical Applications (Continued) 

The average charging current through Rt is about 30 nA, so 
some attention must be paid to parts layout to prevent stray 
leakage paths. The suggested timing capacitor has a typical 
self time constant of 300 hours and a guaranteed minimum 
of 2J> hours at + 25°C. Other capacitor types may be used if 
sufficient data is available on their leakage characteristics. 
Two Terminal Time Delay Switch 
The LM122 can be used as a two terminal time delay switch 
if an “on” voltage drop of 2V to 3V can be tolerated. In 
Figure 9, the timer is used to drive a relay “on” Rt • C t 
seconds after application of power. “Off” current of the 
switch is 4 mA maximum, and “on” current can be as high 
as 50 mA. 


Zero Power Dissipation Between Timing Intervals 

In some applications it is desirable to reduce supply current 
drain to zero between timing cycles. In Figure 10 this is 
accomplished by using an external PNP as a latch to drive 
the V+ pin of the timer. 

Between timing periods Q1 is off and no supply current is 
drawn. When a trigger pulse of 5V minimum amplitude is 
received, the LM122 output transistor and Q1 latch for the 
duration of the timing period. D1 prevents the step on the 
V + pin from coupling back into the trigger pin. If the trigger 
input is a short pulse, Cl and R2 may be eliminated. R|_ 
must have a minimum value of (Vcc)/(2.5 mA). 
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FIGURE 9. 2-Terminal Time Delay Switch 


Frequency to Voltage Converter 

An accurate frequency to voltage converter can be made 
with the LM122 by averaging output pulses with a simple 
one pole filter as shown in Figure 1 1. Pulse width is adjusted 
with R2 to provide initial calibration at 10 kHz. The collector 
of the output transistor is tied to Vref, giving constant am- 
plitude pulses equal to Vref at the emitter output. R4 and 
Cl filter the pulses to give a dc output equal to, 
(Rt) (C{) (Vref) (f ) ■ Linearity is about 0.2% for a 0V to IV out- 
put. If better linearity is desired R5 can be tied to the sum- 
ming node of an op amp which has the filter in the feedback 
path. If a low output impedance is desired, a unity gain buff- 
er such as the LM1 10 can be tied to the output. An analog 
meter can be driven directly by placing it in series with R5 to 
ground. A series RC network across the meter to provide 
damping will improve response at very low frequencies. 

Pulse Width Detector 


By driving the logic terminal of the LM122 simultaneous to 
the trigger input, a simple, accurate pulse width detector can 
be made (Figure 12). 



Between Timing Intervals 



(Tachometer) Output Independent of Supply Voltage. 



Pulse Out = W Ri C-| for W Rt C 1 

FIGURE 12. Pulse Width Detector 
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Typical Applications (Continued) 

In this application the logic terminal is normally held high by 
R3. When a trigger pulse is received, Q1 is turned on, driv- 
ing the logic terminal to ground. The result of triggering the 
timer and reversing the logic at the same time is that the 
output does not change from its initial low condition. The 
only time the output will change states is when the trigger 
input stays high longer than one time period set by R t and 
Ct. The output pulse width is equal to the input trigger width 
minus Rt • Ct- C2 insures no output pulse for short ( < RC) 
trigger pulses by prematurely resetting the timing capacitor 
when the trigger pulse drops. Cl filters the narrow spikes 
which would occur at the output due to propagation delays 
during switching. 


5V Switching Regulator 

Figure 13 is an application where the LM122 does not use 
its timing function. A switching regulator is made using the 
internal reference and comparator to drive a PNP transistor 
switch. Features of this circuit include a 5.5V minimum input 
voltage at 1A output current, low part count, and good effi- 
ciency (> 75%) for input 'voltages to 10V. Line and load 
regulation are less than 0.5% and output ripple at the 
switching frequency is only 30 mV. Q1 is an inexpensive 
plastic device which does not need a heatsink for ambient 
temperature up to 50°C. D1 should be a fast switching di- 
ode. Output voltage can be adjusted between 1 V and 30V 
by choosing proper values for R2, R3, R4, and R5. For out- 
puts less than 2V, a divider with 250ft Thevinin resistance 
must be connected between Vref and ground with its tap 
point tied to Vadj- 



*No. 22 Wire Wound on Molybdenum Permalloy Core TL/H/7768-24 

FIGURE 1 3. 5 V Switching Regulator with 
1 Amp Output and 5.5V Minimum Input 


Application Hints 

Aborting a Timing Cycle 

The LM122 does not have an input specifically allocated to 
a stop-timing function. If such a function is desired, it may be 
accomplished several ways: 

• Ground Vadj 

• Raise R/C more positive than Vadj 

• Wire “OR” the output 


Grounding Vadj will ®nd the timing cycle just as if the timing 
capacitor had reached its normal discharge point. A new 
timing cycle can be started by the trigger terminal as soon 
as the ground is released. A switching transistor is best for 
driving Vadj t0 as near ground as possible. Worst case sink 
current is about 300 juA. 

A timing cycle may also be ended by a positive pulse to a 
resistor (R ^ R t /100) in series with the timing capacitor. 
The pulse amplitude must be at least equal to Vadj (2.0V), 
but should not exceed 5.0V. When the timing capacitor dis- 
charges, a negative spike of up to 2.0V will occur across the 
resistor, so some caution must be used if the drive pulse is 
used for other circuitry. 



The output of the timer can be wire ORed with a discrete 
transistor or an open collector logic gate output. This allows 
overriding of the timer output, but does not cause the timer 
to be reset until its normal cycle time has elapsed. 

Using the LM122 as a Comparator 

A built-in reference and zero volt common mode limit make 
the LM122 very useful as a comparator. Threshold may be 
adjusted from zero to three volts by driving the Vadj termi- 
nal with a divider tied to Vref- Stability of the reference 
voltage is typically ±1% over a temperature range of 
-55°C to + 125°C. Offset voltage drift in the comparator is 
typically 25 /xV/°C in the boosted mode and 50 jnV/°C un- 
boosted. A resistor can be inserted in series with the input 
to allow overdrives up to + 50V as shown in Figure 15. 
There is actually no limit on input voltage as long as current 
is limited to ± 1 mA. The resistor shown contributes a worst 
case of 5 mV to initial offset. In the unboosted mode, the 
error drops to 0.25 mV maximum. The capability of operat- 
ing off a single 5 V supply with internal reference should 
make this comparator very useful. 
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Application Hints (Continued) 


+V CC 



FIGURE 15. Comparator with OV to 3V Threshold 

Eliminating Timing Cycle Upon Initial 
Application of Power 


The LM122 will normally start a timing cycle (with no trigger 
input) when V+ is first turned on. If this characteristic is 
undesirable, it can be defeated by tying the timing capacitor 
to Vref instead of ground as shown in Figure 16. This con- 
nection does not affect operation of the timer in any other 
way. If an electrolytic timing capacitor is used, be sure the 
negative end is tied to the R/C pin and the positive end to 
Vref- A 1.0 kfl resistor should be included in series with the 
timing capacitor to limit the surge current load on Vref 
when the capacitor is discharged. 


v + 



FIGURE 16. Eliminating Initial Timing Cycle 


Using Dual Supplies 

The LM122 can be operated off dual supplies as shown in 
Figure 17. The only limitation is that the emitter terminal 
cannot be tied to ground, it must either drive a load referred 
to V~ or be actually tied to V~ as shown. Although capaci- 
tive coupling is shown for the trigger input (to allow 5V trig- 
gering), a resistor can be substituted for Cl. R2 must be 
chosen to give proper level shifting between the trigger sig- 
nal and the trigger pin of the timer. Worst case “lo” on the 
trigger pin (with respect to V~) is 0.8V, and worst case 


“high” is 2.5V. R2 may be calculated from the divider equa- 
tion with R1 to give these levels. 



TL/H/7768-28 

* Select for Proper Level Shift 

Emitter Terminal or Emitter Load must be Tied to GND Pin of Timer 

FIGURE 17. Operating Off Dual Supplies 
Linearizing the Charging Sweep 

In some applications (such as a linear pulse width modula- 
tor) it may be desirable to have the timing capacitor charge 
from a constant current source. A simple way to accomplish 
this is shown in Figure 18. 


v + 
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FIGURE 18. Temperature Compensated 
Linear Charging Sweep 

Q1 converts the current through R1 to a current source in- 
dependent of the voltage across C t . R2, R3, D1 , and D2 are 
added to make the current through R1 independent of sup- 
ply variations and temperature changes. (D2 is a low TC 
type) D2 and R3 can be omitted if the V+ supply is stable 
and D1 and R2 can be omitted also if temperature stability is 
not critical. With D1, D2, R2 and R3 omitted, the current 
through R1 will change about 0.015%/°C with a 15V supply 
and 0.1 %/°C with a 5.0V supply. 
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Application Hints (Continued) 

Triggering with Negative Edge 

Although the LM122 is triggered by a positive going trigger 
signal, a differentiator tied to a normally “high” trigger will 
result in negative edge triggering. In Figure 19, R1 serves 
the dual purpose of holding the trigger pin normally high and 
differentiating the input trigger pulse coupled through Cl. 
The timing diagram included with Figure 21 shows that trig- 
gering actually occurs a short time after the negative going 
trigger, while positive going triggers have no effect. The de- 
lay time between a negative trigger signal and actual starts 
of timing is approximately (0.5 to 1.5) (R1 • Cl) depending 
on the trigger amplitude, or about 2.5 to 7.5 with the 
values shown. This time will have to be increased for C t 
larger than 0.01 jaF because C t is charged to Vref whenev- 
er the trigger pin is kept high and must reset itself during the 
short time that the trigger pin voltage is low. A conservative 
value for Cl is: 

Chain of Timers 

The LM122 can be connected as a chain of timers quite 
easily with no interface required. In Figure 20 A and 20B, two 


I R/C EMITTER I 

1 Vapj CND I 


TL/H/7768-30 

FIGURE 19. Timer Triggered by Negative 
Edge of Input Pulse 

possible connections are shown. In both cases, the output 
of the timer is low during the timing period so that the posi- 
tive going signal at the end of the timing period can trigger 
the next timer. There is no limitation on the timing period of 
one timer with respect to any other timer before or after it, 
because the trigger input to any timer can be high or low 
when that timer ends its timing period. 




v ol 


FIGURE 20. Chain of Timers 
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General Description 

The LM555 is a highly stable device for generating accurate 
time delays or oscillation. Additional terminals are provided 
for triggering or resetting if desired. In the time delay mode 
of operation, the time is precisely controlled by one external 
resistor and capacitor. For astable operation as an oscilla- 
tor, the free running frequency and duty cycle are accurately 
controlled with two external resistors and one capacitor. 
The circuit may be triggered and reset on falling waveforms, 
and the output circuit can source or sink up to 200 mA or 
drive TTL circuits. 

Features 

■ Direct replacement for SE555/NE555 

■ Timing from microseconds through hours 

■ Operates in both astable and monostable modes 


■ Adjustable duty cycle 

■ Output can source or sink 200 mA 

■ Output and supply TTL compatible 

■ Temperature stability better than 0.005% per °C 

■ Normally on and normally off output 

Applications 

■ Precision timing 

■ Pulse generation 

■ Sequential timing 

■ Time delay generation 

■ Pulse width modulation 

■ Pulse position modulation 

■ Linear ramp generator 


Schematic Diagram 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage + 1 8V 

Power Dissipation (Note 1) 

LM555H, LM555CH 760 mW 

LM555, LM555CN 1 1 80 mW 

Operating Temperature Ranges 
LM555C 0°C to + 70°C 

LM555 — 55°C to + 125°C 

Electrical Characteristics (t a = 25-c ,v cc 


Storage T emperature Range - 65°C to + 1 50°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (1 0 Seconds) 260°C 

Small Outline Package 

Vapor Phase (60 Seconds) 21 5°C 

Infrared (15 Seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 

+ 5V to + 1 5V, unless othewise specified) 

Limits I 


Supply Voltage 
Supply Current 


Timing Error, Monostable 
Initial Accuracy 
Drift with Temperature 

Accuracy over Temperature 
Drift with Supply 

Timing Error, Astable 
Initial Accuracy 
Drift with Temperature 

Accuracy over Temperature 
Drift with Supply 


Threshold Voltage 


Conditions 


Vcc = 5V, R L - 00 
V C c = 15V, R L = oo 
(Low State) (Note 2) 


Ra = 1 k to 1 00 kn, 
C = 0.1 jxF, (Note 3) 


R A , Rb = 1 k to 1 00 ka, 
C = 0.1 juF, (Note 3) 


Trigger Voltage 

V CC - 15V 

V CC = 5V 

Trigger Current 


Reset Voltage 


Reset Current 


Threshold Current 

(Note 4) 

Control Voltage Level 

Vcc = 15V 

V CC = 5V 

Pin 7 Leakage Output High 


Pin 7 Sat (Note 5) 

Output Low 

Output Low 

V C c = 15V, l 7 = 15 mA 
V C c = 4.5V, l 7 = 4.5 mA 


Max Min 

18 4.5 


LM555C 

Typ 



0.667 



0.667 


4.8 

5 

5.2 


5 


1.45 

1.67 

1.9 


1.67 



0.01 

0.5 


0.5 

0.9 

0.4 

0.5 

1 

0.4 

0.5 

1 


0.1 

0.4 


0.1 

0.4 


0.1 

0.25 


0.1 

0.25 

9.6 

10 

10.4 

9 

10 

11 

2.9 

3.33 

3.8 

2.6 

3.33 

4 


1 

100 


1 

100 


150 



180 



70 

100 


80 

200 
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Electrical Characteristics Ta = 25°C, Vqc = + 5V to + 1 5 V, (unless othewise specified) (Continued) 




Limits 


Parameter 

Conditions 

LM555 

LM555C 









Max 



Vcc = 15V 

I S ink = 10 mA 


0.1 

0.15 


0.1 

0.25 



•sink = 50 mA 


0.4 

0.5 


0.4 

0.75 



ISINK = 100 mA 


2 

2.2 


2 

2.5 



IsiNK = 200 mA 

Vcc = 5V 


2.5 



2.5 


H 


•sink * 8 mA 


0.1 

0.25 




■ 


■sink = 5 mA 





0.25 

0.35 

Mi 

Output Voltage Drop (High) 

•source = 200 mA, Vcc = 1 5V 


12.5 

■■■ 


12.5 


| 


•source = 100 mA, Vcc = 15V 

13 

13.3 

■ 

12.75 

13.3 




V CC = 5V 

3 

3.3 


2.75 

3.3 


V 

Rise Time of Output 



100 



100 


ns 

Fall Time of Output 



100 



100 


ns 


Note 1: For operating at elevated temperatures the device must be derated above 25°C based on a +150°C maximum junction temperature and a thermal 
resistance of 164°c/w (TO-5), 106°c/w (DIP) and 170°c/w (SO-8) junction to ambient. 

Note 2: Supply current when output high typically 1 mA less at Vcc = 5V. 

Note 3: Tested at Vcc = 5V and Vcc = 15 V. 

Note 4: This will determine the maximum value of Ra + Rb for 15V operation. The maximum total (Ra + Rb) is 20 Mfi. 

Note 5: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded. 

Note 6: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications. 


Connection Diagrams 


Metal Can Package 

Vcc 



TL/H/7851-2 


Top View 

Order Number LM555H or LM555CH 
See NS Package Number H08C 


Dual-1 n-Line and Small Outline Packages 

+V CC 



DISCHARGE 


, CONTROL 
VOLTAGE 


Order Number LM555J, LM555CJ, 
LM555CM or LM555CN 

See NS Package Number J08A, M08A or N08E 


4-210 












PROPAGATION DELAY (ns) 


Typical Performance Characteristics 


Minimuim Pulse Width 
Required for Triggering 



Supply Current vs 
Supply Voltage 



High Output Voltage vs 
Output Source Current 


0 0.1 0.2 0.3 0.4 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X V cc ) 


SUPPLY VOLTAGE (V) 


Low Output Voltage vs 
Output Sink Current 



Low Output Voltage vs 
Output Sink Current 



Low Output Voltage vs 
Output Sink Current 
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Output Propagation Delay vs 
Voltage Level of Trigger Pulse 



Output Propagation Delay vs 
Voltage Level of Trigger Pulse 


Vcc = 15V +12S°C i 

~HH H+/ 

+70 C-JL 


0 0.1 0.2 0.3 

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X V cc ) LOWEST VOLTAGE LEVEL OF TRIGGER PULSE (X V CC > 


Discharge Transistor (Pin 7) 
Voltage vs Sink Current 




Discharge Transistor (Pin 7) 
Voltage vs Sink Current 



0.01 0.1 1.0 10 100 
■sink (mA) PIN 7 
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Applications Information 

MONOSTABLE OPERATION 

In this mode of operation, the timer functions as a one-shot 
(Figure 1 ). The external capacitor is initially held discharged 
by a transistor inside the timer. Upon application of a nega- 
tive trigger pulse of less than 1 /3 Vcc to pin 2, the flip-flop is 
set which both releases the short circuit across the capaci- 
tor and drives the output high. 



TL/H/7851-5 

FIGURE 1. Monostable 

The voltage across the capacitor then increases exponen- 
tially for a period of t - 1.1 Ra C, at the end of which time 
the voltage equals 2/3 Vcc- The comparator then resets 
the flip-flop which in turn discharges the capacitor and 
drives the output to its low state. Figure 2 shows the wave- 
forms generated in this mode of operation. Since the charge 
and the threshold level of the comparator are both directly 
proportional to supply voltage, the timing internal is inde- 
pendent of supply. 
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TL/H/7851 -6 

Vcc - 5V Top Trace: Input 5V/Div. 

TIME = 0.1 ms/DIV. Middle Trace: Output 5V/Div. 

Ra = 9.1 kfl Bottom Trace: Capacitor Voltage 2V/Div. 

C = 0.01 jmF 

FIGURE 2. Monostable Waveforms 

During the timing cycle when the output is high, the further 
application of a trigger pulse will not effect the circuit so 
long as the trigger input is returned high at least 1 0 jus be- 
fore the end of the timing interval. However the circuit can 
be reset during this time by the application of a negative 
pulse to the reset terminal (pin 4). The output will then re- 
main in the low state until a trigger pulse is again applied. 


When the reset function is not in use, it is recommended 
that it be connected to Vcc t0 avoid any possibility of false 
triggering. ' - 

Figure 3 is a nomograph for easy determination of R, C 
values for various time delays. 

NOTE: In monostable operation, the trigger should be driv- 
en high before the end of timing cycle. 



10as100/«1 mslOmsIOOms Is 10s 100s 
t d - TIME DELAY 

TL/H/7851 -7 

FIGURE 3* Time Delay 
ASTABLE OPERATION 

If the circuit is connected as shown in Figure 4 (pins 2 and 6 
connected) it will trigger itself and free run as a multivibrator. 
The external capacitor charges through Ra + Rg and dis- 
charges through Rg. Thus the duty cycle may be precisely 
set by the ratio of these two resistors. 



In this mode of operation, the capacitor charges and dis- 
charges between 1 /3 Vcc and 2/3 V CC- As in the triggered 
mode, the charge and discharge times, and therefore the 
frequency are independent of the supply voltage. 
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Applications Information (Continued) 

Figure 5 shows the waveforms generated in this mode of 
operation. 



TL/H/7851 -9 

Vcc = 5V Top Trace: Output 5V/Div. 

TIME = 20 /xs/DIV. Bottom Trace: Capacitor Voltage iV/Div. 

R A = 3.9 kfl 
R b = 3 kfl 
C = 0.01 /xF 

FIGURE 5. Astable Waveforms 

The charge time (output high) is given by: 

ti = 0.693 (R a + R b ) C 
And the discharge time (output low) by: 

t 2 = 0.693 (R b ) C 
Thus the total period is: 

T = ti + t 2 = 0.693 (R a + 2R b ) C 
The frequency of oscillation is: 

f _ 1.44 

” T ~ (R A + 2 Rb) C 

Figure 6 may be used for quick determination of these RC 
values. 



0.1 1 10 100 Ik 10k 100k 

f - FREE-RUNNING FREQUENCY (Hz) 
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FIGURE 6. Free Running Frequency 
FREQUENCY DIVIDER 

The monostable circuit of Figure 1 can be used as a fre- 
quency divider by adjusting the length of the timing cycle. 
Figure 7 shows the waveforms generated in a divide by 
three circuit. 



TL/H/7851 -11 

Vcc = 5V Top Trace: Input 4V/Div. 

TIME = 20 /xs/DIV. Middle Trace: Output 2V/Div. 

Ra = 9.1 kft Bottom Trace: Capacitor 2V/Div. 

C = 0.01 jxF 

FIGURE 7. Frequency Divider 
PULSE WIDTH MODULATOR 

When the timer is connected in the monostable mode and 
triggered with a continuous pulse train, the output pulse 
width can be modulated by a signal applied to pin 5. Figure 
8 shows the circuit, and in Figure 9 are some waveform 
examples. 



TL/H/7851 -12 



TL/H/7851 -13 

Vcc = 5V Top Trace: Modulation IV/Div. 

TIME = 0.2 ms/DIV. Bottom Trace: Output Voltage 2V/Div. 

R a = 9.1 k SI 
C = 0.01 fiF 

FIGURE 9. Pulse Width Modulator 
PULSE POSITION MODULATOR 

This application uses the timer connected for astable opera- 
tion, as in Figure 10, with a modulating signal again applied 
to the control voltage terminal. The pulse position varies 
with the modulating signal, since the threshold voltage and 
hence the time delay is varied. Figure 1 1 shows the wave- 
forms generated for a triangle wave modulation signal. 
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Applications Information (Continued) 




TL/H/7851-15 

Vcc = 5V Top Trace: Modulation Input IV/Div. 

TIME = 0.1 ms/DIV. Bottom Trace: Output 2V/Div. 

Ra = 3.9 kft 
Rg = 3 kft 
C = 0.01 /xF 

FIGURE 11. Pulse Position Modulator 
LINEAR RAMP 

When the pullup resistor, Ra, in the monostable circuit is 
replaced by a constant current source, a linear ramp is gen- 
erated. Figure 12 shows a circuit configuration that will per- 
form this function. 



Figure 13 shows waveforms generated by the linear ramp. 
The time interval is given by: 

T _ 2/3 V CC Re (Ri + R 2 )C 
Ri v cc “ Vbe (Ri + R 2 ) 
v BE « 0.6V 



TL/H/7851-17 

Vcc = 5V Top Trace: Input 3V/Div. 

TIME = 20 jxs/DIV. Middle Trace: Output 5V/Div. 

Ri = 47 kft Bottom Trace: Capacitor Voltage IV/Div. 

R 2 = 100 kft 
R e = 2.7 kft 
C = 0.01 11 F 

FIGURE 13. Linear Ramp 
50% DUTY CYCLE OSCILLATOR 

For a 50% duty cycle, the resistors Ra and R B may be 
connected as in Figure 14. The time period for the out- 
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Applications Information (Continued) 

put high is the same as previous, t-j = 0.693 Ra C. For the 
output low it is t 2 — 

[(R A RB)/(RA + RB)]c/«[5a^] 

Thus the frequency of oscillation is f = — - — 

ti + t 2 



FIGURE 14. 50% Duty Cycle Oscillator 


Note that this circuit will not oscillate if Rb is greater than 

1 /2 Ra because the junction of Ra and Rb cannot bring pin 

2 down to 1 /3 Vqc and trigger the lower comparator. 

ADDITIONAL INFORMATION 

Adequate power supply bypassing is necessary to protect 
associated circuitry. Minimum recommended is 0.1 juF in 
parallel with 1 juF electrolytic. 

Lower comparator storage time can be as long as 10 juts 
when pin 2 is driven fully to ground for triggering. This limits 
the monostable pulse width to 10 /as minimum. 

Delay time reset to output is 0.47 ju.s typical. Minimum reset 
pulse width must be 0.3 jas, typical. 

Pin 7 current switches within 30 ns of the output (pin 3) 
voltage. 
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LM556/LM556C 



National Semiconductor 


LM556/LM556C Dual Timer 

General Description 

The LM556 Dual timing circuit is a highly stable controller 
capable of producing accurate time delays or oscillation. 
The 556 is a dual 555. Timing is provided by an external 
resistor and capacitor for each timing function. The two tim- 
ers operate independently of each other sharing only Vqq 
and ground. The circuits may be triggered and reset on fall- 
ing waveforms. The output structures may sink or source 
200 mA. 

Features 

■ Direct replacement for SE556/NE556 

■ Timing from microseconds through hours 

■ Operates in both astable and monostable modes 

■ Replaces two 555 timers 


■ Adjustable duty cycle 

■ Output can source or sink 200 mA 

■ Output and supply TTL compatible 

■ Temperature stability better than 0.005% per °C 

■ Normally on and normally off output 

Applications 

■ Precision timing 

■ Pulse generation 

■ Sequential timing 

■ Time delay generation 

■ Pulse width modulation 

■ Pulse position modulation 

■ Linear ramp generator 


Schematic Diagram 


(14) 



Dual-ln-Line and Small Outline Packages 

THRESH CONTROL 



Order Number LM556J or LM556CJ 
See NS Package Number J14A 

Order Number LM556CM 
See NS Package Number M14A 

Order Number LM556CN 
See NS Package Number N14A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage + 1 8V 

Power Dissipation (Note 1) 

LM556J, LM556CJ 1 785 mW 

LM556CN 1620 mW 

Operating Temperature Ranges 
LM556C 0°C to + 70°C 

LM556 — 55°C to +125°C 


Storage T emperature Range - 65°C to + 1 50°C 

Soldering Information 
Dual-ln-Line Package 

Soldering (1 0 seconds) 260°C 

Small Outline Package 

Vapor phase (60 seconds) 21 5°C 

I nf rared ( 1 5 seconds) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Electrical Characteristics (Ta = 25°C, Vcc = + 5V to + 1 5V, unless otherwise specified) 


Parameter 

Conditions 

LM556 

LM556C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Supply Voltage 


4.5 


18 

4.5 


16 

V 

Supply Current 

Vcc = 5V, R[_ = 00 


3 

5 


3 

6 

mA 

(Each Timer Section) 

V C c = 15V, R|_ = °° 

(Low State) (Note 2) 


10 

11 


10 

14 

mA 

Timing Error, Monostable 









Initial Accuracy 



0.5 



0.75 


% 

Drift with Temperature 

R a = Ik to 100 kft, C = 0.1 jutF, 
(Note 3) 


30 



50 


ppm/°C 

Accuracy over Temperature 



1.5 



1.5 


% 

Drift with Supply 



0.05 



0.1 


%/V 

Timing Error, Astable 









Initial Accuracy 



1.5 



2.25 


% 

Drift with Temperature 

Ra, Rb ■— ik to i oo ka, 


90 



150 


ppm/°C 

Accuracy over Temperature 

C = 0.1 juF, (Note 3) 


2.5 



3.0 


% 

Drift with Supply 



0.15 



0.30 


%/V 

Trigger Voltage 

V CC = 15V 

4.8 

5 

5.2 

4.5 

5 

5.5 

V 


V CC = 5V 

1.45 

1.67 

1.9 

1.25 

1.67 

2.0 

V 

Trigger Current 



0.1 

0.5 


0.2 

1.0 

juA 

Reset Voltage 

(Note 4) 

0.4 

0.5 

1 

0.4 

0.5 

1 

V 

Reset Current 



0.1 

0.4 


0.1 

0.6 

mA 

Threshold Current 

Vjh = V-Control (Note 5) 


0.03 

0.1 


0.03 

0.1 

juA 


Vjh = 11.2V 



250 



250 

nA 

Control Voltage Level and 

< 

o 

0 

II 

01 
< 

9.6 

10 

10.4 

9 

10 

11 

V 

Threshold Voltage 

> 

m 

II 

o 

$ 

2.9 

3.33 

3.8 

2.6 

3.33 

4 

V 

Pin 1 , 1 3 Leakage Output High 



1 

100 


1 

100 

nA 

Pin 1 , 1 3 Sat 

(Note 6) 






M 


Output Low 

Vcc = 15V, 1 = 15 mA 


150 

240 


180 



Output Low 

V C c = 4.5V, 1 = 4.5 mA 


70 

100 


80 

ESS 
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LM556/LM556C 


Electrical Characteristics (Ta = 25°C, Vcc = + 5V to + 15V, unless otherwise specified) (Continued) 


Parameter 

Conditions 

LM556 

LM556C 

Units 



Max 



Max 




Output Voltage Drop (Low) 

Vcc = 15V 

ISINK = 10 mA 


0.1 

0.15 

■ 


0.25 

V 


•sink = 50 mA 


0.4 

0.5 



0.75 

V 


'sink = 100 mA 


2 

2.25 



2.75 

V 


•sink = 200 mA 

Vcc = 5V 

■ 



■ 



V 


l S |NK = 8 mA 



0.25 




V 


•SINK = 5 mA 






0.35 

V 

Output Voltage Drop (High) 

•SOURCE “ 200 mA, Vcc == 1 5V 



mm 






•source = 100 mA > V CC = 15V 

13 








V C c - 5 V 

3 







Rise Time of Output 



100 



100 


ns 

Fall Time of Output 



100 



100 


ns 

Matching Characteristics 

(Note 7) 








Initial Timing Accuracy 



0.05 

0.2 


0.1 

2.0 

% 

Timing Drift with Temperature 



±10 



±10 


ppm/°C 

Drift with Supply Voltage 

i 


0.1 

0.2 


0.2 

0.5 

%/V 


Note 1: For operating at elevated temperatures the device must be derated based on a +150°C maximum junction temperature and a thermal resistance of 
70°C/W (Ceramic), 77°C/W (Plastic DIP) and 110°C/W (SO-14 Narrow). 

Note 2: Supply current when output high typically 1 mA less at Vcc = 5V. 

Note 3: Tested at V C c = 5V and V C c = 15V. 

Note 4: As reset voltage lowers, timing is inhibited and then the output goes low. 

Note 5: This will determine the maximum value of Ra + Rb for 15V operation. The maximum total (Ra + Rb) is 20 Mft. 

Note 6: No protection against excessive pin 1, 13 current is necessary providing the package dissipation rating will not be exceeded. 

Note 7: Matching characteristics refer to the difference between performance characteristics of each timer section. 

Note 8: Refer to RETS556X drawing for specifications of military LM556J version. 
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LM566C 



tional Semiconductor 


LM566C Voltage Controlled Oscillator 


General Description 

The LM566CN is a general purpose voltage controlled oscil- 
lator which may be used to generate square and triangular 
waves, the frequency of which is a very linear function of a 
control voltage. The frequency is also a function of an exter- 
nal resistor and capacitor. 

The LM566CN is specified for operation over the 0°C to 
+ 70°C temperature range. 

Features 

■ Wide supply voltage range: 1 0V to 24V 

■ Very linear modulation characteristics 


■ High temperature stability 

■ Excellent supply voltage rejection 

■ 10 to 1 frequency range with fixed capacitor 

■ Frequency programmable by means of current, voltage, 
resistor or capacitor 

Applications 

■ FM modulation 

■ Signal generation 

■ Function generation 

■ Frequency shift keying 

■ Tone generation 


Connection Diagram Typical Application 


DuaMn-Line Package 


SQUARE WAVE 
OUTPUT 


TRIANGLE 
WAVE OUTPUT 



V cc 

TIMING CAPACITOR 

TIMING RESISTOR 

MODULATION 

INPUT 


, TL/H/7854-2 

Order Number LM566CN 
See NS Package Number N08E 


1 kHz and 10 kHz TTL Compatible 
Voltage Controlled Oscillator 



TL/H/7854-3 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Power Supply Voltage 26V 

Power Dissipation (Note 1 ) 1 000 mW 

Operating Temperature Range, LM566CN 0°C to + 70°C 
Lead T emperature (Soldering, 1 0 sec.) + 260°C 

Electrical Characteristics v cc = i2v,t a = 25°c, ac Test circuit 


Parameter 

Conditions 

LM566C 

Units 

Min 

Typ 

Max 

Maximum Operating 

Frequency 

R0 = 2k 

CO = 2.7 pF 

0.5 

1 


MHz 

VCO Free-Running 

Frequency 

C 0 = 1.5 nF 

R 0 = 20k 
fo = 10 kHz 

-30 

0 


% 

Input Voltage Range Pin 5 


% v cc 


Vcc 





200 


ppm/°C 

Supply Voltage Rejection 

10-20V 


0.1 

2 

%/V 

Input Impedance Pin 5 


0.5 

1 


Ma 

VCO Sensitivity 

For Pin 5, From 

8- 10V, f 0 = 10 kHz 

6.0 

6.6 

7.2 

kHz/V 

FM Distortion 

±10% Deviation 


0.2 

1.5 

% 

Maximum Sweep Rate 



1 


MHz 

Sweep Range 



10:1 



Output Impedance 

Pin 3 



50 


a 

Pin 4 



50 


a 

Square Wave Output Level 

R L1 = 10k 

5.0 

5.4 


Vp-p 

Triangle Wave Output Level 

R|_2 = 10k 


2.4 


Vp-p 

Square Wave Duty Cycle 


40 

50 

60 

% 

Square Wave Rise Time 



20 


ns 

Square Wave Fall Time 



50 


ns 

Triangle Wave Linearity 

+ 1V Segment at 

V 2 V cc 


0.5 


% 


Note i: me maximum junction temperature ot tne LMbbbuN is lbiru. hor 
derated based on a thermal resistance of 1 1 5°C/W, junction to ambient. 

Applications Information 

The LM566CN may be operated from either a single supply 
as shown in this test circuit, or from a split (±) power sup- 
ply. When operating from a split supply, the square wave 
output (pin 3) is TTL compatible (2 mA current sink) with the 
addition of a 4.7 ka resistor from pin 3 to ground. 


i at elevated junction temperatures, maximum power dissipation must be 


A 0.001 jaF capacitor is connected between pins 5 and 6 to 
prevent parasitic oscillations that may occur during VCO 
switching. 


f 0 = : 


2.4(V+ - V 5 ) 

Ro C 0 V+ 

where 

2K < R 0 < 20K 

and V5 is voltage between pin 5 and pin 1 . 
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Typical Performance Characteristics 


Operating Frequency as a 
Function of Timing Resistor 



0.1 1.0 10 


Operating Frequency as a 
Function of Timing Capacitor 



Normalized Frequency as a 
Function of Control Voltage 



0 .5 1.0 1.5 2.0 2.5 3.0 


NORMALIZED FREQUENCY 


FREQUENCY (Hz) 


CONTROL VOLTAGE IV 8 - V 6 HV) 


Power Supply Current 



10 IS 20 25 

SUPPLY VOLTAGE (V) 


Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE TO 


VCO Waveforms 




A 



/ 

s 


V 


f- 

— 



r A * 25°C 

1C TEST CIRCUIT 

— 

““ ” 

— 





:== 

- H 

=== 


0 7 T 2tt 3n 4ir 


Frequency Stability vs Load 
Resistance (Square Wave 



100 Ik 10k 


R L1 PIN 3 TO GROUND (n) 


Frequency Stability vs Load 
Impedance (Triangle Output) 



100 Ik 10k 

R t2 PIN 4 TO GROUND (R) 


Square Wave Output 
Characteristics 



Triangle Wave Output 
Characteristics 



100 Ik 10k 

R L2 PIN4T0 ground (n) 


TL/H/7854-5 


TL/H/7854-4 


AC Test Circuit 


12V 



i 

If 

j] 
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LMC555 



National Semiconductor 


PRELIMINARY 


LMC555 CMOS Timer 

General Description 

The LMC555 is a CMOS version of the industry standard 
555 series general purpose timers. It offers the same capa- 
bility of generating accurate time delays and frequencies but 
with much lower power dissipation and supply current 
spikes. When operated as a one-shot, the time delay is pre- 
cisely controlled by a single external resistor and capacitor. 
In the astable mode the oscillation frequency and duty cycle 
are accurately set by two external resistors and one capaci- 
tor. The use of National Semiconductor’s LMCMOStm pro- 
cess extends both the frequency range and low supply ca- 
pability. 


Features 

■ Less than 1 mW typical power dissipation at 5 V supply 

■ 3 MHz astable frequency capability 

■ 1 .5V supply operating voltage guaranteed 

■ Output fully compatible with TTL and CMOS logic at 5V 
supply 

■ Tested to -10 mA, +50 mA output current levels 

■ Reduced supply current spikes during output transitions 

■ Extremely low reset, trigger, and threshold currents 

■ Excellent temperature stability 

■ Pin-for-pin compatible with 555 series of timers 


Block and Connection Diagrams 



Order Number LMC555CH, LMC555CM or LMC555GN 
See NS Package Number H08C, M08A or N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Soldering Information 

please contact the National Semiconductor Sales Dual-ln-Line Package 

Office/Distributors for availability and specifications. Soldering (10 seconds) 260°C 

Supply Voltage, V8 15V Small Outline Package 

Input Voltages, V2, V4, V5, V6 -0.3V to V s + 0.3V 0r |*f < 60 S ° C ° ndS > 21 5“C 

K a Infrared (15 seconds) 220°C 

Output Voltages, V3, V7 15V gee AN-450 “Surface Mounting Methods and Their Effect 

Output Current 13, 17 100 mA on p roc |u C t Reliability” for other methods of soldering sur- 

Operating Temperature Range (Note 1 ) - 40°C to + 85°C* face mount devices. 

Storage T emperature Range - 65°C to + 1 50°C 

Electrical Characteristics Test Circuit, T = 25°C, all switches open, RESET to Vs unless otherwise noted 

Symbol 

Parameter 

Conditions 

Min 

Typ 



18 

Supply Current 

V s = 1.5V 

V S = 5V 

V s = 12V 


50 

100 

150 

150 

250 

400 


V5 

Control Voltage 

V s = 1.5V 

V S = 5V 

V s = 12V 

0.8 

2.9 

7.4 

1.0 

3.3 

8.0 

1.2 

3.8 

8.6 

V 

V7 

Discharge Saturation 

Voltage 

V s = 1.5V, l 7 = 1 mA 

V s = 5V, l 7 = 10 mA 


75 

150 

■ 

mV 

V3 l 

Output Voltage 
(Low) 

V s = 1.5V, l 3 =1 mA 

V s = 5V, l 3 = 8 mA 

V s = 12V, l 3 = 50 mA 


0.2 

0.3 

1.0 

0.4 

0.6 

2.0 

V 

V3 h 

Output Voltage 
(High) 

V s = 1.5V, l 3 =- 0.25 mA 

V s = 5V, l 3 = -2 mA 

V s = 12V, l 3 = -10 mA 

1.0 

4.4 

10.5 

I. 25 

4.7 

II. 3 


V 

V2 

Trigger Voltage 

V s = 1.5V 

V s = 12V 

0.4 

3.7 


EH 

V 

12 

Trigger Current 

V S = 5V 


10 


pA 

Hi 

Reset Voltage 

V s = 1.5V (Note 2) 

V S = 12V 

0.4 

0.4 



V 


Reset Current 

V S = 5V 


10 


pA 

EBB 

Threshold Current 

V S = 5V 


10 


pA 

17 

Discharge Leakage 

V s = 12V 


1.0 

100 

nA 

t 

Timing Accuracy 

SW 2, 4 Closed 

V S = 1.5V 

V S = 5V 

V s = 12V 

0.9 

1.0 

1.0 

1.1 

1.1 

1.1 

1.25 

1.20 

1.25 

ms 

At/AVs 

Timing Shift with Supply 

V s = 5V ±1V 


0.3 


%/M 

At/AT 

Timing Shift with 

Temperature 

V S - 5V 

— 40°C <.T <. +85°C 


75 


ppm/°C 

fA 

Astable Frequency 

SW 1,3 Closed 

V S = 12V 

4.0 

4.8 



fMAX 

Maximum Frequency 

Max. Freq. Test 

Circuit, Vs = 5V 


3.0 


MHz 

*R> *F 

Output Rise and 

Fall Times 

Max. Freq. Test Circuit 

V s = 5V,C L = 10 pF 


15 


ns 

tpD 

Trigger Propagation Delay 

Vs = 5V, Measure Delay 
from T rigger to Output 


100 


ns 

* Refer to RETSC555X drawing for specifications of military LMC555H version. 

Note 1: For operation at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 
111 0 C/W for the LMC555CN, 167°C/W for the LMC555CH, and 169°C/W for the LMC555CM. Maximum allowable dissipation at 25°C is 1126 mW for the 
LMC555CN, 755 mW for the LMC555CH, and 740 mW for the LMC555CM. 

Note 2: If the RESET pin is to be used at temperatures of -20°C and below Vs is required to be 2.0V or greater. 


4-225 


LMC555 





























LMC555 


Test Circuit Maximum Frequency Test Circuit 




Typical Applications 

Monostable (One-Shot) Variable Duty Cycle Oscillator 



tn = 1.1 RaC (Gives time that output is high following trigger) 

RESET overrides TRIGGER, which can override THRESHOLD. Therefore, 
the trigger pulse must be shorter than the desired tn- 
The minimum trigger pulse width is 20 ns. 

The minimum reset pulse width is 400 ns. 



Duty Cycle = 


Rb 

Ra + 2R b 


(Gives fraction of total period 
that output is low) 


JT 

c 


OUTPUT 


RESET, 

(Vs) 


50% Duty Cycle Oscillator 

T 


3 6 

LMC555 

4 5 


-O v s 


0.1 fJL? 


-AAAr 

*c 


ALTERNATE 

OUTPUT 


f osc = 


1 


1.4R C C 


TL/H/8669-6 
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N a t ion a l 


Semiconductor 


MM5368 CMOS Oscillator Divider Circuit 


General Description 

The MM5368 is a CMOS integrated circuit generating 50 or 
60 Hz, 10 Hz, and 1 Hz outputs from a 32 kHz crystal 
(32,768 Hz). For the 60 Hz selected output the input time 
base is divided by 546.133, for the 50 Hz mode it is divided 
by 655.36. The 50/60 Hz output is then divided by 5 or 6 to 
obtain a 10 Hz output which is further divided to obtain a 
1 Hz output. The 50/60 Hz select input can be floated for a 
counter reset. 


Features 

■ 50/60 Hz output 

■ 1 Hz output 

■ 10 Hz output 

■ Low power dissipation 

■ Fully static operation 

■ Counter reset 

■ 3.5V- 15V supply range 

■ On-chip oscillator — tuning and load capacitors are the 
only required external components besides the crystal. 
(For operation below 5V it may be necessary to use an 
~ 1 Mft pullup on the oscillator output to insure start- 
up.) 


Block and Connection Diagrams 


0SC 

OUT 


(ON-CHIP) 


FIGURE 1 



TL/F/6133-1 


Dual-In-Line Package 



FIGURE 2 


Order Number MM5368N 
See NS Package Number N08E 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Maximum Vpo Voltage 16V 

please contact the National Semiconductor Sales Operating V DD Range 3.5V <: V DD ^ 15V 

Office/Distributors for availability and specifications. Lead Temperature (Soldering 10sea) 300*0 

Voltage at Any Pin -0.3V to Vdd + 0.3V 

Operating Temperature 0°Cto+70°C 

Storage T emperature - 65°C to + 1 50°C 


Electrical Characteristics Ta within operating range, Vss “ 0V 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Quiescent Current Drain 

V DD = 1 5V; 50/60 Select Floating 



10 

jliA 

Operating Current Drain 

f| N = 32 kHz, V DD = 3.5V 



60 

julA 


f iN = 32 kHz, V DD = 15V 



1500 

juA 

Maximum Input Frequency 

V DD = 3.5V 



64 

kHz 


V DD = 15V 



500 

kHz 

Output Current Levels 

V DD ~ 5V 





Logical “1”, Source 

Vqh = Vss + 2.7V 



-400 

ju,A 

Logical “0”, Sink 

VOL = V SS + 0.4V 

400 



/x A 


< 

o 

o 

II 

CO 

< 





Logical “1”, Source 

Voh = Vss + 6,7 V 



-1500 

/xA 

Logical “0”, Sink 

V 0 L = V S S + 0.4V 

1500 



/xA 

Input Current Levels 

50/60 Select Input (Note 1) 





Logical “1” (lm) 

Vdd = 3.5V, V|n ^ 0.9 Vdd 



50 

ju,A 

Logical “1” (Iih) 

V DD = 15V,V 1N ^0.9V DD 



3 

mA 

Logical “0” (ln_) 

V DD = 3.5V, V| N 2>0.1 V DD 



20 

fxA 

Logical “0” (l|0 

Vdd = 15V, V||sj ^ o.i Vdd 



1 

mA 


Note 1: The input current level test is performed by first measuring the open circuit voltage at the 50/60 Hz select pin. If the voltage is “high”, make the lm test. If 
the voltage is “low”, make the l||_ test. The state of the 50/60 Hz select pin may be changed by applying a pulse to OSC IN (pin 6) while the 50/60 Hz pin is open 
circuit. 


Functional Description (Figure 1) 

The MM5368 initially divides the input time base by 256. 
From the resulting frequency (128 Hz for 32 kHz crystal) 8 
clock periods are dropped or eliminated during 60 Hz opera- 
tion and 28 clock periods are eliminated during 50 Hz opera- 
tion. This frequency is then divided by 2 to obtain a 50 or 
60 Hz output. This output is not periodic from cycle to cycle; 
however, the waveform repeats itself every second. Straight 
divide by 5 or 6 and 10 are used to obtain the 10 Hz output 
and the 1 Hz outputs. 

The 60 Hz mode is obtained by tying pin 7 to Vdd- The 
60 Hz output waveform can be seen in Figure 3. The 1 0 Hz 


and 1 Hz outputs have an approximate 50% duty cycle. In 
the 50 Hz mode the 50/60 select input is tied to Vss- The 
50 Hz output waveform can be seen in Figure 3. The 10 Hz 
output has an approximate 40% duty cycle and the 1 Hz 
output has an approximate 50% duty cycle. 

For the 50/60 Hz select input floating, the counter chain is 
held reset, except for the initial toggle flip-flop which is 
needed for the reset function. A reset may also occur when 
the input is switched (Figure 4). To insure the floating state, 
current sourced from the input must be limited to 1 .0 juA and 
current sunk by the input must be limited to 1.0 jmA for 
V DD = 3.5 V. 


Timing Diagrams 
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Timing Diagrams (Continued) 


16kHz 

INPUT 


FLOATING 

i 1 r 


reset n n i 

«ss I i n n n n n n 


TL/F/6133-4 


V DD 



Typical Applications 


RESET LATCH 



TL/F/6133-6 

FIGURE 5. 10 Minute (9:59.9) Timer 
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National Semiconductor 


MM5369 17 Stage Oscillator/Divider 


General Description 

The MM5369 is a CMOS integrated circuit with 1 7 binary 
divider stages that can be used to generate a precise refer- 
ence from commonly available high frequency quartz crys- 
tals. An internal pulse is generated by mask programming 
the combinations of stages 1 through 4, 1 6 and 1 7 to set or 
reset the individual stages. The MM5369 is advanced one 
count on the positive transition of each clock pulse. Two 
buffered outputs are available: the cyrstal frequency for tun- 
ing purposes and the 17th stage output. The MM5369 is 
available in an 8-lead dual-in-line epoxy package. 


Features 

■ Crystal oscillator 

■ Two buffered outputs 

Output 1 crystal frequency 
Output 2 full division 

■ High speed (4 MHz at V DD = 10V) 

■ Wide supply range 3V-15V 

■ Low power 

■ Fully static operation 

■ 8-lead dual-in-line package 

■ Low Current 

Option 

■ MM5369AA 3.58 MHz to 60 Hz 


Connection and Block Diagrams 


Dual-ln-Line Package 


TUNER 

DO OUTPUT OSC OUT OSC IN 



TL/F/ 10820-1 

Top View 


Order Number MM5369AA/N 
See NS Package Number 
N08E 


OSC OUT 


TUNER 

OUTPUT 



DIVIDER 

OUTPUT 


FIGURE 2 


TL/F/1 0820-2 


DIVIDER TUNER 

OUTPUT NC NC NC DD OUTPUT OSC OUT 



Order Number MM5369AA/M 
See NS Package Number M14A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Voltage at Any Pin - 0.3V to Vdd + 0.3 V 

Operating Temperature 0°C to + 70°C 

Storage T emperature - 65°C to + 1 50°C 


Electrical Characteristics 

Ta within operating temperature range, Vss = GND, 3V ^ Vdd ^ 15V unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Quiescent Current Drain 

Vdd = 15V 



10 

jiiA 

Operating Current Drain 

V DD = 10V, f| N = 4.19 MHz 


1.2 

2.5 

mA 

Frequency of Oscillation 

v DD = iov 

DC 



■ 


< 

D 

D 

II 

<T> 

< 

DC 




Output Current Levels 

v DD = iov 

V 0 = 5V 





Logical “1” Source 


500 



JU.A 

Logical “0” Sink 


500 



jliA 

Output Voltage Levels 

V DD = iov 

Iq = 10 jmA 





Logical “1” 


9.0 



V 

Logical “0” 




1.0 

V 


Note: For 3.58 MHz operation, Vdd must be ^ 10V. 


Functional Description 

A connection diagram for the MM5369 is shown in Figure 1 
and a block diagram is shown in Figure 2. 

TIME BASE 

A precision time base is provided by the interconnection of 
a 3,579,545 Hz quartz crystal and the RC network shown in 
Figure 3 together with the CMOS inverter/ amplifier provided 
between the OSC IN and the OSC OUT terminals. Resistor 
R1 is necessary to bias the inverter for class A amplifier 
operation. Capacitors Cl and C2 in series provide the paral- 
lel load capacitance required for precise tuning of the quartz 
crystal. 

The network shown provides > 100 ppm tuning range when 
used with standard crystals trimmed for Cl = 1 2 pF. Tuning 
to better than ± 2 ppm is easily obtainable. 



DIVIDER 

A pulse is genertaed when divider stages 1 through 4, 16 
and 1 7 are in the correct state. By mask options, this pulse 
is used to set or reset individual stages of the counter. Fig- 
ure 4 shows the relationship between the duty cycle and the 
programmed modulus. 

OUTPUTS 

The Tuner Output is a buffered output at the crystal oscilla- 
tor frequency. This output is provided so that the crystal 
frequency can be obtained without disturbing the crystal os- 
cillator. The Divide Output is the input frequency divided by 
the mask programmed number. Both outputs are push-pull 
outputs. 


Package Dissipation 500 mW 

Maximum Vcc Voltage 1 6V 

Operating Vcc Range 3 V to 1 5 V 

Lead T emperature (Soldering, 1 0 seconds) 300°C 
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Functional Description (Continued) 


v DD OR v ss (10V) - 


, Cl 3.579545 MHz 
5-36 pF C L = 12 pF 


"To be selected based on xtal used 

FIGURE 3. Crystal Oscillator Network 



0 1 2 3 4 5 


FIGURE 5. Typical Current Drain 
vs Oscillator Frequency 



0 10 20 30 40 50 60 70 

DUTY CYCLE (%) 


FIGURE 4. Plot of Divide-By vs Duty Cycle 



59,659 COUNTS 



FIGURE 6. Output Waveform for the MM5369AA 
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National Semiconductor 


LM1851 Ground Fault Interrupter 


General Description 

The LM1851 is designed to provide ground fault protection 
for AC power outlets in consumer and industrial environ- 
ments. Ground fault currents greater than a presettable 
threshold value will trigger an external SCR-driven circuit 
breaker to interrupt the AC line and remove the fault condi- 
tion. In addition to detection of conventional hot wire to 
ground faults, the neutral fault condition is also detected. 
Full advantage of the U.S. UL943 timing specification is tak- 
en to insure maximum immunity to false triggering due to 
line noise. Special features include circuitry that rapidly re- 
sets the timing capacitor in the event that noise pulses intro- 
duce unwanted charging currents and a memory circuit that 
allows firing of even a sluggish breaker on either half-cycle 
of the line voltage when external full-wave rectification is 
used. 


Features 

■ Internal power supply shunt regulator 

■ Externally programmable fault current threshold 

■ Externally programmable fault current integration time 

■ Direct interface to SCR 

■ Operates under line reversal; both load vs line and hot 
vs neutral 

■ Detects neutral line faults 


Block and Connection Diagram 

V CC 


TIMING 

CAPACITOR 


SENSITIVITY 
SET RESISTOR 


SENSE AMPLIFIER 
OUTPUT 



TOP VIEW 


TL/H/5177-1 


Order Number LM1851M or LM1851N 
See NS Package Number M08A or N08E 
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LM1851 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Supply Current 1 9 mA 

Power Dissipation (Note 1 ) 1 250 mW 

Operating Temperature Range -40°C to + 70°C 

Storage T emperature Range - 55°C to +1 50°C 


260°C 


Soldering Information 
Dual-ln-Line Package (10 sec.) 

Small Outline Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See AN-450 ‘‘Surface Mounting and Their Effects on Prod- 
uct Reliability” for other methods of soldering surface 
mount devices. 


DC Electrical Characteristics Ta = 25°C, lss = 5 mA 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Power Supply Shunt 

Regulator Voltage 

Pin 8, Average Value 

22 



V 

Latch T rigger Voltage 

Pin 7 

15 

17.5 

20 

V 

Sensitivity Set Voltage 

Pin 8 to Pin 6 

6 

7 

8.2 

V 

Output Drive Current 

Pin 1 , With Fault 

0.5 

1 

2.4 

mA 

Output Saturation Voltage 

Pin 1 , Without Fault 


100 

240 

mV 

Output Saturation Resistance 

Pin 1, Without Fault 


100 


n 

Output External Current 

Sinking Capability 

Pin 1 , Without Fault, 

Vpjn i Held to 0.3V (Note 4) 

2.0 

5 


mA 

Noise Integration 

Sink Current Ratio 

Pin 7, Ratio of Discharge 
Currents Between No Fault 
and Fault Conditions 

2.0 

2.8 

3.6 

juA/jaA 


AC Electrical Characteristics t a =25°c, i ss =5mA 


Parameter 

Conditions 

Min 


Max 

Units 

Normal Fault Current 
Sensitivity 

Figure 1 (Note 3) 

3 

5 

7 

mA 

Normal Fault Trip Time 

500H Fault, Figure 2 (Note 2) 


18 


ms 

Normal Fault with 

Grounded Neutral Fault 

Trip Time 

5000 Normal Fault, 

2 O Neutral, Figure 2 { Note 2) 


18 


ms 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 125°C maximum junction temperature and a thermal resistance 
of 80°C/W junction to ambient for the DIP and 162°C/W for the SO Package. 

Note 2: Average of 10 trials. 

Note 3: Required UL sensitivity tolerance is such that external trimming of LM1851 sensitivity will be necessary. 

Note 4: This externally applied current is in addition to the internal “output drive current” source. 



TL/H/5177-2 
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LM1851 


Typical Performance Characteristics 



TRIP TIME (SECONDS) 


Output Drive Current vs 



OUTPUT VOLTAGE @V PiN1 (V) 



100k 1M 10M 


r set(°) 
* See Block Diagram 


Pin 1 Saturation Voltage vs 
External Load Current, l|_ 



TL/H/5177-4 


Circuit Description 

(Refer to Block and Connection Diagram) 

The LM1851 operates from 26V as set by an internal shunt 
regulator, D3. In the absence of a fault (lf=0) the feedback 
path status signal (Vs) is correspondingly zero. Under these 
conditions the capacitor discharge current, If, sits quies- 
cently at three times its threshold value, Ijh, so that noise 
induced charge on the timing capacitor will be rapidly re- 
moved. When a fault current, If, is induced in the secondary 
of the external sense transformer, the operational amplifier, 
A1 , uses feedback to force a virtual ground at the input as it 


extracts If. The presence of If during either half-cycle will 
cause Vs to go high, which in turn changes l-| from 3Ijh to 
Ijh- Although Ijh discharges the timing capacitor during 
both half-cycles of the line, If only charges the capacitor 
during the half-cycle in which If exits pin 2. Thus during one 
half-cycle If— Ith charges the timing capacitor, while during 
the other half-cycle Ijh discharges it. When the capacitor 
voltage reaches 17.5V, the latch engages and turns off Q3 
permitting l 2 to drive the gate of an SCR. 
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Application Circuits 

A typical ground fault interrupter circuit is shown in Figure 2. 
It is designed to operate on 120 Vac line voltage with 5 mA 
normal fault sensitivity. 


A full-wave rectifier bridge and a 1 5k/2W resistor are used 
to supply the DC power required by the 1C. A 1 ju-F capacitor 
at pin 8 used to filter the ripple of the supply voltage and is 
also connected across the SCR to allow firing of the SCR on 
either half-cycle. When a fault causes the SCR to trigger, 
the circuit breaker is energized and line voltage is removed 
from the load. At this time no fault current flows and the 1C 
discharge current increases from Ijh to 3 Ijh (see Circuit 
Description and Block Diagram). This quickly resets both 
the timing capacitor and the output latch. At this time the 
circuit breaker can be reset and the line voltage again sup- 
plied to the load, assuming the fault has been removed. A 
1000:1 sense transformer is used to detect the normal fault. 
The fault current, which is basically the difference current 
between the hot and neutral lines, is stepped down by 1 000 
and fed into the input pins of the operational amplifier 
through a 10 /xF capacitor. The 0.0033 jwF capacitor be- 
tween pin 2 and pin 3 and the 200 pF between pins 3 and 4 
are added to obtain better noise immunity. The normal fault 
sensitivity is determined by the timing capacitor discharging 
current, Ijh- Ith can be calculated by: 




( 1 ) 


At the decision point, the average fault current just equals 
the threshold current, Ijh- 


Ith =^ jp i xo. 9 l ( 2 ) 

where If(rms) * s the rms input fault current to the operational 
amp and the factor of 2 is due to the fact that If charges the 
timing capacitor only during one half-cycle, while Ijh dis- 
charges the capacitor continuously. The factor 0.91 con- 
verts the rms value to an average value. Combining equa- 
tions (1 ) and (2) we have 


7V 

RSET ~lf(rms)X0.91 <3) 

For example, to obtain 5 mA(rms) sensitivity for the circuit in 
Figure 2 we have: 


R SET=5 


7 V 

mAx0.91 

1000 


= 1.5Ma 


( 4 ) 


The correct value for Rset can also be determined from the 
characteristic curve that plots equation (3). Note that this is 
an approximate calculation; the exact value of Rset de- 
pends on the specific sense transformer used and LM1851 
tolerances. Inasmuch as UL943 specifies a sensitivity “win- 
dow” of 4 mA-6 mA, provision should be made to adjust 
Rset on a per-product basis. 

Independent of setting sensitivity, the desired integration 
time can be obtained through proper selection of the timing 
capacitor, C t . Due to the large number of variables involved, 
proper selection of Ct is best done empirically. The following 
design example, then should only be used as a guideline. 
Assume the goal is to meet UL943 timing requirements. 
Also assume that worst case timing occurs during GF1 


start-up (SI closure) with both a heavy normal fault and a 
2ft grounded neutral fault present. This situation is shown dia- 
gramatically below. 



UL943 specifies ^25 ms average trip time under these con- 
ditions. Calculation of C t based upon charging currents due 
to normal fault only is as follows: 

^25 ms Specification 
-3 ms GFI turn-on time (15k and 1 ju,F) 

-8 ms Potential loss of one half-cycle due to fault current 
sense of half-cycles only 

-4 ms Time required to open a sluggish circuit breaker 
^10 ms Maximum integration time that could be allowed 
8 ms Value of integration time that accommodates com- 
ponent tolerances and other variables 

r - |XT 
C '- — 

where T = integration time 
V = threshold voltage 

I = average fault current into Ct 


( 5 ) 


I = 


^120 


VACfrmsA x / R N \ 
Rb / \ r g + r n/ 


heavy fault 
current generated 
(swamps Ijh) 


( 1 turn \ 

x x 

VI 000 turns/ 

^ V ' 

current 
division of 
input sense 
transformer 
therefore: 


(s) 

Ct charging 
on half- 
cycles only 


r g + Rn/ 
v — , — ' 
portion of 
fault current 
shunted 
around GFI 

(0.91) 

rms to 
average 


(6) 


[ (— ) x ) x ( — ) x 

L V 500 / V 1.6 + 0.4/ Viooo/ 


Ct 

C t = 0.01 fj, F 


(;) 


X(0.91) X 0.0008 


( 7 ) 
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Application Circuits (Continued) 

in practice, the actual value of Cl will have to be modified to 
include the effects of the neutral loop upon the net charging 
current. The effect of neutral loop induced currents is diffi- 
cult to quantize, but typically they sum with normal fault cur- 
rents, thus allowing a larger value of Cl . 

For UL943 requirements, 0.015 jmF has been found to be 
the best compromise between timing and noise. 


For those GFI standards not requiring grounded neutral de- 
tection, a still larger value capacitor can be used and better 
noise immunity obtained. The larger capacitor can be ac- 
commodated because Rn and Rq are not present, allowing 
the full fault current, I, to enter the GFI. 

In Figure 2, grounded neutral detection is accomplished by 
feeding the neutral coil with 1 20 Hz energy continuously and 
allowing some of the energy to couple into the sense trans- 
former during conditions of neutral fault. 


Typical Application 


GND/NEUTRAL SENSE 

COIL COIL 
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Definition of Terms 

Normal Fault: An unintentional electrical path, Rg, between 
the load terminal of the hot line and the ground, as shown 
by the dashed lines. 



Grounded Neutral Fault: An unintentional electrical path 
between the load terminal of the neutral line and the 
ground, as shown by the dashed lines. 


Normal Fault plus Grounded Neutral Fault: The combina- 
tion of the normal fault and the grounded neutral fault, as 
shown by the dashed lines. 
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National Semiconductor 


Packing Considerations 


(Methods, Materials and Recycling) 


Transport Media 

All NSC devices are prepared, inspected and packed to in- 
sure proper physical support and to protect during transport 
and shipment. All assembled devices are packed in one or 
more of the following container forms-— immediate contain- 
ers, intermediate containers and outer/shipping containers. 
An example of each container form is illustrated below. 

IMMEDIATE CONTAINER 


I o o o o o o o o ooooo 

fonoo 

v£o o o ofo O O O OOOOO 



v Rail/Tube 



INTERMEDIATE CONTAINER 

Tape & Reel 
Box 





OUTER/SHIPPING CONTAINER 
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Packing Considerations 


Methods of immediate carrier packing include insertion of 
components into molded trays and rails/tubes, mounting of 
components onto tape and reel or placement in corrugated 
cartons. The immediate containers are then packed into in- 
termediate containers (bags or boxes) which specify quanti- 
ties of trays, rails/tubes or tape and reels. Outer/shipping 
containers are then filled or partially filled with intermediate 
containers to meet order quantity requirements and to fur- 
ther insure protection from transportation hazards. Addition- 
al dunnage filler material is required to fill voids within the 
intermediate and outer/shipping containers. 

General Packing Requirements 

NSC packing methods and materials are designed based on 
the following considerations: 

— Optimum protection to the products — it must provide ad- 
equate protection from handling (electrostatic dis- 
charge) and transportation hazards; 


— Ease of handling— it should be easy to assemble, load 
and unload products in and from it; and 

— Impacts to the environment— it shall be reusable and 
recyclable. 

Levels of Product Packing 

IMMEDIATE CONTAINER 

The first level of product packing is the immediate container. 
The immediate container type varies with the product or 
package being packed. In addition, the materials used in the 
immediate container depend on the fragility, size and profile 
of the product. The four types of immediate containers used 
by NSC are rails/tubes, trays, tape and reel, and corrugated 
and chipboard containers. 

Rails/tubes are generally made of adrylic or polyvinyl chlo- 
ride (PVC) plastics. The electrical characteristics of the ma- 
terial are altered by either intrinsically adding carbon fillers, 
and/or topically coating it with antistatic solution. Refer to 
Table I for rail/tube material and recyclability information. 


TABLE I. Plastic Rail/Tube and Stopper Requirements 



Rail 

Package 

Type 

Material 

Code/Symbol 
(Note 1) 

DIP’S 

Plastic 

Ceramic 

Sidebraze 

Polyvinylchloride 

Polyvinylchloride 

Polyvinylchloride 

03 /PVC 
03/PVC 

03/PVC 

PLCC 

Polyvinylchloride 

03/PVC 

TapePak 

Polyvinylchloride 

03/PVC 

Flatpack 

Polyvinylchloride 

03/PVC 

Cerpack 

Polyvinylchloride 

03/PVC 


03/PVC 

TO-5/8 
(in Carrier) 

Polyvinylchloride 

03/PVC 

SOP 

Polyvinylchloride 

03/PVC ! 

LCC 

18L-44L jkf 

Polyvinylchloride 

03/PVC 



07/SBR 

07/SBR 


Note 1: ISO 1043-1 International Standards— -Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D 1972-91 Standard Practice for Generic Marking of Plastic Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 






















Molded injection and vacuum formed trays can be either 
conductive or static dissipative. Molded injection trays are 
classified as either low-temperature or high-temperature 


depending on the material type. Vacuum formed trays are 
only used in ambient room temperature conditions. Refer to 
Table II for tray material and recyclability information. 


TABLE II. Tray Requirements 


Package 

Type 



Tray 


Class 

Material 

Recyclability 
(Note 1) 

Code/Symbol 
(Note 1) 

Binding Type 

PQFP (All) 

High Temperature 

Polyethersulfone 

Yes 

07/PES 

Wire Tie or 
Nylon Strap 


Low Temperature 

Acrylonitrilebutadiene 

Styrene 

Yes 

07/ABS 

Wire Tie or 
Nylon Strap 

PGA, LDCC 
CERQUADs 
and LCC 

(48 leads- 125 leads) 

Low Temperature 
Only 

ABS/PVC 

Yes 

07/ABS-PVC 

Wire Tie 

PPGA 

Low Temperature 
Only 

Polyarylsulfone 

Yes 

07/PAS 

Wire Tie 


Tape and reel is a multi-part immediate container system. is made of polyester (PET) and polyethylene (PE) materials. 

The reel is made of either polystyrene (PS) material coated Refer to Table III for tape and reel material and recyclability 

with antistatic solution or chipboard. The embossed or cavi- Information, 
ty tape is made of either PVC or PS material. The cover tape 


TABLE III. Tape and Reel Requirements 


Package 

Type 

Reel 

Cover Type 

Carrier Tape 

Recyclability 
(Note 1) 

Material 

Code/ 
Symbol 
(Note 1) 

Material 

Code/ 
Symbol 
(Note 1) 

Material 

Code/ 
Symbol 
(Note 1) 

TO-92 

Chipboard 

Resy 

N/A 


Paper Tape 


Yes 

SOP-23 

Polystyrene 

Chipboard 

06/PS 

Resy 

Polystyrene 

06/PS 

PVC 

03/PVC 

Yes 

SOP, SSOP 
and PLCC 

Polystyrene 

Polyethylene 

06/PS 

Polyester 

07/PET-PE 

PVC 

03/ PVC 

Yes 


Note 1: 150 1043-1 International Standards— Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D 1972-91 Standard Practice for Generic Marking of Plastic Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 
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Packing Considerations 


Corrugated containers are generally constructed with fibre- 
board facings and a fluted corrugated medium in between 
the facings. Chipboard containers are comprised of just one 


fibreboard facing. Facings and corrugated medium are kraft 
(brown) fibreboard, and generally single wall construction. 
Refer to Table IV for material and recyclability information. 


TABLE IV. Fibreboard Container Requirements 



Pack Method 

Container Type 


Package 

Type 

Material 

Code/ 
Symbol 
(Note 1) 

Immediate (IMM) 
Intermediate (INT) 

Outer or Shipping (SHP) 

Recyclability 

TO-92/18, 

TO-46/5, 

TO-39, 220, 

TO-202/126, 

TO-237 

Corrugated 
(E070 BOX) 

Resy 

IMM 


Yes 

All Products 

Corrguated 

Resy 

INT and SHIP 


Yes 

All Products 

3-Ply Paper 
(Padpak) 

Resy 

Dunnage 


Yes 

All Products 

PLCC 

Plastic 

Bubble Sheet 

04/PE 

Dunnage 


Yes 


Note 1: ISO 1043-1 International Standards— Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D1 972-91 Standard Practice for Generic Marking of Plastic Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and VGK for plastic packing materials. 


INTERMEDIATE CONTAINERS 

The second level of product packing is the intermediate 
container. Three types on intermediate containers are used 
by NSC. They are plastic bags, moisture barrier bags and 
corrugated cartons/boxes. 

Two types of plastic bags are used and usage of each type 
depends on the product or package being packed. Conduc- 
tive bags are made of polyvinylchloride plastic material. The 
electrical characteristics of the bag are altered by adding 


carbon fillers which make the bag black (opaque) in color. 
Conductive bags are used on products or packages that are 
packed in static dissipative (SD) rails/tubes. Static shielding 
bags are made of two layers of SD polyethylene sheets with 
a metallized film separating the sheets. Refer to Table V for 
material and recyclability information. 

Moisture barrier bags are used on rail/tube, tape and reel, 
and tray packs for moisture sensitive products. NSC uses 
National Metallizing’s StratoguardTM 4.6. 












TABLE V. Conductive and Static 
Shielding Bag Requirements 


Package 

Type 

Container 

Type 

Material 

Type 

Mat’l 

and 

Symbol 
(Note 1) 

Mat’l 

Recyclability 

All Prod, in 

Rails 

Conductive 

Bag 

Polyethlene 

04/PE 

Yes 

TO-92/81, 

TO-46/5, 

TO-39/220, 

TO-202/126, 

TO-3/237 

Static 

Shielding 

Bag 

Polyethlene 
Alum. Laminant 

N/A 

No 


TABLE VI. Drypack Bag Requirements 


Package 

Type 

Container 

Type 

Material 

Type 

Mat’l 

and 

Symbol 
(Note 1) 

Mat’l 

Recyclability 

TapePak 

PLCC 

(52-84L) 

PQFP 

Drypack 

Bag 

StratoguardTM 4.6 

N/A 

No 


Note 1: ISO 1043-1 International Standards — Plastic Symbols. 

SAE J1344 Marking of Plastic Parts. 

ASTM D1 972-91 Standard Practice for Generic Marking of Plastic 
Products. 

DIN 6120, German Recycling Systems, RESY for paperbased and 
VGK for plastic packing materials 


Corrugated cartons/boxes are generally constructed with fi- 
breboard facings and a fluted corrugated medium in be- 
tween the facings. Facings and corrugated medium are kraft 
(brown) fibreboards, and are generally of single wall con- 
struction. Carton style varies with the product that it will con- 
tain. For example, packing of a rail/tube will require the use 
of a carton with a roll end from lock (REFL) design. Other 
products generally use the regular slotted container (RSC) 
box. Refer to Table IV for material and recyclability informa- 
tion. 

OUTER/SHIPPING CONTAINERS 

The third level of product packing is the outer/ shipping con- 
tainer. The outer/shipping containers use by NSC are simi- 
lar to the corrugated containers used for immediate and in- 
termediate packaging, but are heavier in facing thickness. 
The style generally used is the regular slotted container 
(RSC) box and can be single, double or triple wall, depend- 
ing on the total weight of products being transported or 
shipped. Refer to Table IV for material and recyclability in- 
formation. 

OTHER PACKING MATERIALS 

Additional dunnage and void filler materials are required to 
fill voids within the intermediate and outer/shipping contain- 
ers. Two types of dunnage/flller material are Padpack and 
bubble pack. Padpak is a machine processed, 3-ply kraft 
paper sheet dunnage system. Refer to Table IV for material 
and recyclability information. 

Bubble pack is made of polyethylene plastic sheets with air 
pockets trapped in between the plastic layers and can be 
either static dissipative or conductive. Refer to Table IV for 
material and recyclability information. 


Packing Considerations 



Packing Considerations 


Immediate Container Pack Methods 

The following table identifies the primary immediate container pack method for all hermetic and plastic packages offered by 
National Semiconductor. A secondary immediate container pack method is identified where applicable. 


Immediate Packing Method for Ceramic Packages 


Ceramic Sidebrazed 
Dual-In-Line 
Package (SB) 


Ceramic Leadless 
Chip Carrier (LCC) 


Package 

Marketing 

npeuiinn 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

urawmg 

Method 

Quantity 

Method 

Quantity 

D08C 

Rail/Tube 

35 




E20A 

EA20B 

E24B 

E28A 

EA028C 

E32A 

E32B 

E32C 

E40A 

E44A 

E48A 

E68B 

E68C 

E84A 

E84B 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 

Rail/Tube 

Rail/Tube 

Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 


Rail/Tube 



Rail/Tube 


iEszai 


































Immediate Packing Method for Ceramic Packages (Continued) 
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Immediate Packing Method for Ceramic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

Ceramic Dual-In- 
Line Package 
(Cerdip) 

J08A 

Rail/Tube 

40 



J14A 


25 



J16A 


25 



J18A 


20 



J20A 

Rail/Tube 

20 



J22A 

Rail/Tube 

17 



J24A 

Rail/Tube 

15 



J24AQ 


15 



J24B-Q 

Rail/Tube 

15 



J24CQ 


15 



J24E 

Rail/Tube 

16 



J24F 


15 



J28A 


12 



J28AQ 

Rail/Tube 

12 



J28B 

Rail/Tube 

12 



J28BQ 


12 



J28CQ 


13 



J32B 


11 



J32AQ 


11 



J40A 


9 



J40AQ 


9 



J40BQ 

Rail/Tube 

9 



Ceramic Small 

Outline Package, 

Wide 

MC16A 

Rail/Tube 

45 



MC20A 

Rail/Tube 

36 



MC20B 

Rail/Tube 

36 



MC24A 

Rail /Tube 

30 



MC28A 

Rail/Tube 

26 



MC28B 

Rail/Tube 

26 
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Immediate Packing Method for Ceramic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

Ceramic Pin Grid 

Array (CPGA) 

U44A 

Tray 

80 



U68B 

Tray 

42 



U68C 

Tray 

42 



U68D 

Tray 

42 



U68E 

Tray 

42 



U75A 

Tray 

35 



U84A 

Tray 

42 



U84B 

Tray 

42 



U84C 

Tray 

42 



U99A 

Tray 

25 



U100A 

Tray 

30 



U109A 

Tray 

25 



U120A 

Tray 

30 



U120C 

Tray 

30 



U124A 

Tray 

30 



U132A 

Tray 

30 



U132B 

Tray 

30 



U144A 

Tray 

20 



U156A 

Tray 

20 



U156B 

Tray 

20 



U169A 

Tray 

20 



U173A 

Tray 

20 



U175A 

Tray 

20 



U180A 

Tray 

20 



U223A 

Tray 

20 



U224A 

Tray 

20 



U257A 

Tray 

12 



U259A 

Tray 

12 



U299A 

Tray 

12 



U301A 

Tray 

12 



U303A 

Tray 

12 



U323A 

Tray 

12 
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Immediate Packing Method for Ceramic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

Cerpack 

W10A 

Carrier/ Rail 

19 

Carrier/ Box 

200 


W14B 

Carrier/ Rail 

19 

Carrier/ Box 

200 


W1.4C 

Carrier/Rail 

19 

Carrier/ Box 

200 


W16A 

Carrier/Rail 

19 

Carrier/ Box 

200 


W20A 

Carrier/ Rail 

19 

Carrier/ Box 

200 


W24C 

Carrier/ Rail 

15 

Carrier/ Box 

80 


W28A 

Carrier/ Rail 

15 

Carrier/ Box 

80 


WA28D 

Carrier/ Rail 

15 

Carrier/ Box 

80 

Cerquad 

W24B 

Rail/Tube 

15 




W56B 

Tray 

20 




W64A 

Tray 

20 




W68A 

Tray 

12 




W84A 

Tray 

12 . 



Cerquad, EIAJ 

WA80A 

Tray 

84 




WA80AQ 

Tray 

84 




W120A 

Tray 

12 




W144A 

Tray 

12 




W144B 

Tray 

12 




W160A 

Tray 

12 




W208A 

Tray 

12 
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Immediate Packing Method for Metal Cans 



Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

TO-5 

H06C 

Tray 

100 

Carrier/Rail 

18 


H08A 

Tray 

100 

Carrier/Rail 

18 


H08C 


100 

Carrier/Rail 

18 


H10C 


100 

Cerrier/Rail 

18 

TO-18 

H03C 

n 

1800 

Tray 

100 

TO-39 

H03A 


100 

Carrier/ Rail 

18 


H03B 


100 

Carrier/ Rail 

18 


HA04E 

1 u 

100 

Carrier/ Rail 

18 

TO-46 

H02A 

Box 

1800 

Tray 

100 


H03H 

Box 

1800 

Tray 

100 


H04A 


1800 

Tray 

100 


H04D 

Box 

1800 

Tray 

100 

TO-52 


Box 

1800 

Tray 

100 

10-72 


Box 

1800 

Tray 

100 
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Immediate Packing Method for Plastic Packages 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

Small 

Outline 

Transistor 

(SOT-23) 

M03A 

Tape and Reel 

3000/ 

10000 

Bulk/Bag 

m 

M03B 

Tape and Reel 

3000/ 

10000 

Bulk/Bag 


Small 

Outline 

Package, 

JEDEC 

(SOP) 

M08A 

Rail/Tube 

95 

Tape and Reel 

2500 

M14A 

Rail/Tube 

55 

Tape and Reel 

2500 

M14B 

Rail/Tube 

50 

Tape and Reel 

1000 

M16A 

Rail/Tube 

48 

Tape and Reel 


M16B 

Rail/Tube 

45 

Tape and Reel 


M20B 

Rail/Tube 

36 

Tape and Reel 

■m 

M24B 

Rail/Tube 

30 

Tape and Reel 

HEEEH 

M28B 

Rail/Tube 

26 

Tape and Reel 

HBI 

Small 

Outline 

Package, 

EIAJ 

(SOP) 

M14D 

Rail/Tube 

47 

Tape and Reel 

■m 

M16D 

Rail/Tube 

47 

Tape and Reel 


M20D 

Rail/Tube 

37 

Tape and Reel 


Shrink 

Small 

Outline 

Package, 

JEDEC 

(SSOP) 

MQA20 

Rail/Tube 

54 


Bi 

MQA24 

Rail/Tube 

54 


BllIlB 

MS48A 

Rail/Tube 

29 

Tape and Reel 

1000 

MS56A 

Rail/Tube 

25 

Tape and Reel 


Shrink 

Small 

Outline 

Package, 

EIAJ 

(SSOP) 

MSA20 

Rail/Tube 

65 

Tape and Reel 

1000 

MSA24 

Rail/Tube 

58 


SilllB 

MS40A 

Rail/Tube 

34 

Tape and Reel 

1000 

Very 

Small 

Outline 

Package 

(VSOP) 

M40A 

Rail/Tube 

34 

Tape and Reel 

1000 

Thin 

Small 

Outline 

Package, 

EIAJ 

(TSOP) 

MBH32A 

Tray 

156 



Thin 

Shrink 

Small 

Outline 

Package, 

EIAJ 

(TSSOP) 

MTA20 

Tape and Reel 

2500 
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Immediate Packing Method for Plastic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 


Quantity 

Method 

Quantity 

Molded 

Dual-In-Line 

Package 

(MDIP) 

N08E 

Rail/Tube 

40 



N14A 

Rail/Tube 

25 



N16A 

Rail/Tube 

20 



N16E 

Rail/Tube 

25 



N16G 

Rail/Tube 

20 



N18A 

Rail/Tube 

20 



N20A 

Rail/Tube 

18 



N22A 

Rail/Tube 

15 



N22B 

Rail/Tube 

15 



N24A 

Rail/Tube 

15 



N24C 

Rail/Tube 

15 



N24D 

Rail/Tube 

15 



N24E 

Rail/Tube 

15 



N28B 

Rail/Tube 

13 



N40A 

Rail/Tube 

9 



N48A 

Rail/Tube 

7 



TO-202 

P03A 

Rail/Tube 

45 

Box 

300 

P03B 

Rail/Tube 

45 

Box 

300 

P03C 

Rail/Tube 

45 

Box 

300 

P03D 

Rail/Tube 

45 

Box 

300 

P03E 

Rail/Tube 

45 

Box 

300 

P03F 

Rail/Tube 

45 

Box 

300 

P03G 

Rail/Tube 

45 

Box 

300 

P03H 

Rail/Tube 

45 

Box 

300 

P03J 

Rail/Tube 

45 

Box 

300 

P04A 

Rail/Tube 

45 

Box 

300 

P1 1 A 

Rail/Tube 

15 



TO-237 

R03A 

Box 

1500 

Tape and Reel 

2000 

R03B 

Box 

1500 

Tape and Reel 

2000 

R03C 

Box 

1500 

Tape and Reel 

2000 

R03D 

Box 

1500 

Tape and Reel 

2000 

TO-226 

RC03A 

Box 

1500 

Tape and Reel 

2000 

RC03B 

Box 

1500 

Tape and Reel 

2000 

RC03C 

Box 

1500 

Tape and Reel 

2000 

RC03D 

Box 

1500 

Tape and Reel 

2000 
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Immediate Packing Method for Plastic Packages (Continued) 


Package 

Type 

(Code) 

Package 

Marketing 

Drawing 

Primary 

Immediate 

Container 

Secondary 

Immediate 

Container 

Method 

Quantity 

Method 

Quantity 

TO-220 

TA02A 

Rail/Tube 

45 

Box 

300 

T02D 

Rail/Tube 

45 

Box 

300 

TA03A 

Rail/Tube 

45 

Box 

300 

TA03B 

Rail/Tube 

45 

Box 

300 

TA03D 

Rail/Tube 

45 

Box 

300 

T03A 

Rail/Tube 

45 

Box 

300 

T03B 

Rail/Tube 

45 

Box 

300 

T03D 

Rail/Tube 

45 

Box 

300 

T03F 

Rail/Tube 

45 

Box 

300 

T05A 

Rail/Tube 

45 

Box 

300 

T05B 

Rail/Tube 

45 

Box 

300 

T05C 

Rail/Tube 

45 

Box 

300 

T05D 

Rail/Tube 

45 

Box 

300 

T05E 

Rail/Tube 

45 

Box 

300 

T05F 

Rail/Tube 

45 

Box 

300 

TA05A 

Rail/Tube 

45 

Box 

300 

TA05B 

Rail/Tube 

45 

Box 

300 

TA11A 

Rail/Tube 

20 

Box 

300 

TA11B 

Rail/Tube 

20 

Box 

300 

TA11C 

Rail/Tube 

20 

Box 

300 

TA11D 

Rail/Tube 

20 

Box 


TA11E 

Rail/Tube 

20 

Box 


TA12A 

Rail/Tube 

20 

Box 

300 

TA15A 

Rail/Tube 

20 

Box 


TA23A 

Rail/Tube 

15 

Box 

300 

TapePak® 

TP40A 

Coinstack 

Tube 

100 



Plastic Pin 

Grid Array 
(PPGA) 

UP124A 

Tray 

30 



UP159A 

Tray 

20 



UP175A 

Tray 

20 



Plastic 

Leaded Chip 

Carrier 

(PLCC) 

V20A 

Rail/Tube 

40 

Tape and Reel 

1000 

V28A 

Rail/Tube 

35 


750 

V32A 

Rail/Tube 

30 



V44A 

Rail/Tube 

25 

Tape and Reel 

500 

V52A 

Rail/Tube 

22 

Tape and Reel 

500 

V68A 

Rail/Tube 

18 

Tape and Reel 

250 

V84A 

Rail/Tube 

15 


250 
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Immediate Packing Method for Plastic Packages (Continued) 


Package 

Type 

Package 

Marketing 

Primary 

immediate 

Container 

Secondary 

Immediate 

Container 

(uoaej 


Method 

Quantity 

Method 

Quantil 

Plastic Quad 

VEF44A 

Tray 

96 



Flatpack 

(PQFP) 

VBG48A 

Tray 

60 




VHG80A 

Tray 

60 




VJE80A 

Tray 

84 




VCC80A 

Tray 

50/66 




VCE100A 

Tray 

84 




VLJ100A 

Tray 

50 




VJG100A 

Tray 

60 




VNG144A 

Tray 

60 




VUL160A 

Tray 

24 




VQL160A 

Tray 

24 




VUW208A 

Tray 

24 




VF132A 

Tray 

36 




VF196A 

Tray 

21 



TO-92 

Z03A 

Box 

1800 

Tape and Reel 

2000 


Z03B 

Box 

1800 

Tape and Reel 

2000 


Z03C 

Box 

1800 

Tape and Reel 

2000 


Z03D 

Box 

1800 

Tape and Reel 

2000 


Z03E 

Box 

1800 

Tape and Reel 

2000 


Z03G 

Box 

1800 

Tape and Reel 

2000 


Z03H 

Box 

1800 

Tape and Reel 

2000 


Z03J 

Box 

1800 

Tape and Reel 

2000 


Labeling 

National Semiconductor offers 3 standard bar code labels; 
reel and intermediate container labels for Tape and Reel; 
intermediate container label other than for Tape and Reel; 


and outer/shipping container labels. The tape and reel, and 
intermediate container labels are National’s own format 
while the outer/shipping container label is based on the 
EIA-556-A label standard. 


NSC Standard Tape and Reel Label 

CP) CPN= CPN 123456789012 XYZ COMPRNY 


PQ H: PO 123456789012 


CQ) QTY: 1000 


CD) D/C: P9236 


DT174RLS253WM 

SPEC 1234 

LOT 12345678912 


This label is placed on the reel (immediate container) as 
well as on the intermediate box. 
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C3S) PKG ii>: EIR14+EP 123456 



FROM: ^ NSC 


SANTA CLARA > CA 95051 


SHIP TO AOORESS 1 


CtD {2UANTITY 


CIO TRANS. It>: 


10000 ER 


PO 1 234567890 1 23456789 



CP) CUSTOMER 

PROt> ID: CPN 1234567890 1234567890 




SHIP TO AOORESS 2 
SHIP TO ADDRESS 3 
SHIP TO AOORESS 4 
SHIP TO ADDRESS 5 


PACKAGE COUNT 

02 of 05 


PACKAGE UEIGHT 

1000 KG 2540 LB 
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Board Mount of Surface Mount Components 


Abstract 

In facing the challenges of “Surface Mount Technology”, 
many manufacturers of printed circuit boards have taken 
steps to convert some portions of their boards to this pro- 
cess. However, as the availability of all products as surface 
mount components is still limited, many have had to mix 
lead-inserted components with surface mount devices 
(SMD’s). Furthermore, to take advantage of using both 
sides of the board, some surface mounted components are 
adhered to the bottom side of the board while the top side is 
reserved for the conventional lead-insert packages and fine 
pitch surface mount packages. 

There are three surface mount processes in hi-volume use 
today: 

1 . WAVE SOLDER; the surface mounted components are 
adhered to the bottom side of the board while the top 
side is reserved for the lead-inserted packages. The sur- 
face mount components are subjected to severe thermal 
stress when they are immersed into the molten solder. 

2. INFRA-RED mass reflow; the surface mount compo- 
nents are placed on the solder paste which has been 
applied to the board, the solder joints are formed when 
the board is passed thru the reflow media. The surface 
mount devices are subjected to a controlled thermal en- 
vironment. 

3. VAPOR PHASE mass reflow; the surface mount compo- 
nents are placed on the solder paste which has been 
applied to the board, tbe solder joints are formed when 
the board is passed thru the reflow media. The surface 
mount devices are subjected to a controlled thermal en- 
vironment, more severe than Infra-red but much less 
than wavesolder. 

A discussion of the effect of these processes on the reliabil- 
ity of plastic semiconductor packages follows. 

Role of Wave Soldering in 
Application of SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex- 
ists for retaining the use of the old wave soldering machine. 
The reasons being: 

Most PC Board Assembly houses already possess wave 
soldering equipment. Switching to another technology such 
as vapor phase soldering requires substantial investment in 
equipment and people. 


Due to the limited number of devices that are surface mount 
components, it is necessary to mix both lead inserted com- 
ponents and surface mount components on the same 
board. 

Some components such as relays and switches are made of 
materials which would not be able to survive the tempera- 
ture exposure in a vapor phase or IR furnace. 

PW Board Assembly Procedures 

There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly or a combination of two or more 
methods. 

The various processes that may be employed are: 

A) WAVE SOLDER BEFORE VAPOR/IR REFLOW 
SOLDER 

1 . Components on the same side of PW Board. Lead insert 
standard DIPS onto PW Board Wave solder (convention- 
al). Wash and lead trim. Dispense solder paste on SEM 
pads. Pick and place SMDs onto PW Board. Bake Vapor 
phase/ 1 R reflow. Clean. 

2. Components on opposite side of PW Board. Lead insert 
standard DIPs onto PW Board Wave Solder (convention- 
al). Clean and lead trim. Invert PW Board. Dispense drop 
of adhesive on SMD sites (optional for smaller compo- 
nents). Pick and place SMDs onto board. Bake/Cure. 
Invert board to rest on raised fixture. Vapor/ 1 R reflow 
soldering. Clean. 

B) VAPOR/IR REFLOW SOLDER THEN WAVE SOLDER 

1. Components on the same side of PW Board. Solder 
paste screened on SMD side of Printed Wire Board. Pick 
and place SMDs. Bake Vapor/ 1 R reflow. Lead insert on 
same side as SMD’s. Wave solder. Clean and trim under- 
side of PCB. 

C) VAPOR/IR REFLOW ONLY 

1. Components on the same side of PW Board Trim and 
form standard DIPs in “gull wing” configuration. Solder 
paste screened on PW Board. Pick and place SMDs and 
DIPs. Bake Vapor/IR reflow. Clean. 

2. Components on opposite sides of PW Board. Solder 
paste screened on SMD-side of Printed Wire Board. Ad- 
hesive dispensed at central location of each component. 
Pick and place SMDs. Bake. Solder paste screened on 
all pads on DIP-side or alternatively apply solder rings 
(performs) on leads. Lead insert DIPs. Vapor/IR reflow. 
Clean and lead trim. 
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Board Mount of Surface Mount Components 


PW Board Assembly Procedures 

(Continued) 

D) WAVE SOLDERING ONLY 

1 . Components on opposite sides of PW board. Adhesive 
dispense on SMD side of PW Board. Pick and place 
SMDs. Cure adhesive. Lead insert top side with DIPs. ,, 
Wave solder with SMDs down and into solder bath. 
Clean and lead trim. 

All of the above assembly procedures can be divided into 
three categories for 1C. Reliability considerations: 

1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IR 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re- 
garding heat treatment to a semiconductor device. Howev- 
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo- 
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper- 
ation) or be partially immersed while in a “pallet” where 
automatic wave or DIP soldering processes are used. It is, 
therefore, possible to subject SMDs to solder heat under 
certain conditions and not cause catastrophic failures. 

Thermal Characteristics of Molded 
Integrated Circuits 

Since Plastic DIPs and SMDs are encapsulated with a ther- 
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy- 
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper- 
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem- 
peratures exceeding its glass transition temperature. Metals 
(as used on leadframes, for example) do not have this char- 
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead- 
frame material should be such to match its thermal expan- 
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal leadframe in a manner similar to that observed on 
bimetallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the epoxy-metal interface. However, If the 
package is subjected to temperature above its glass-tran- 
sition temperature, the epoxy will expand much faster than 
the metal and the probability of separation is greatly in- 
creased. 


Transition Temperature 



TL/P/1 1828-1 

FIGURE 1. Thermal Expansion and Glass 


Conventional Wave Soldering 

Most wave soldering operations occur at temperatures be- 
tween 240°C-260°C. Conventional epoxies for encapsula- 
tion have glass-transition temperatures between 140°C- 
170°C. An I.C. directly exposed to these temperatures risks 
its long term functionality due to epoxy/metal separation. 
Fortunately, there are factors that can reduce that element 
of risk: 

1 . The PW board has a certain amount of heat-sink effort 
and tends to shield the components from the tempera- 
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem- 
perature between 120°C-150°C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead in DIP 
would experience the solder temperature because the 
epoxy and die are standing above the PM board and out 
of the solder bath. 


Effect on Package Performance by 
Epoxy-Metal Separation 

In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil- 
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera- 
ture. If separation occurs, the flux residues and acid resi- 
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after spidering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metalization over 
time and premature failure of the device in the field. 
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Vapor Phase/IR Reflow Soldering 

In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Maxi- 
mum operating temperatures are 219°C (vapor phase) or 
240°C (IR) and duration may also be longer (30 sec-60 
sec). On the same theoretical basis, there should also be 
separation. However, in both these methods, solder paste is 
applied to the pads of the boards; no fluxes are used. Also, 
the devices are not immersed into the hot solder. This re- 
duces the possibility of solder forcing itself into the epoxy- 
leadframe interface. Furthermore, in the vapor phase sys- 
tem, the soldering environment is “oxygemfree” and con- 
sidered “contaminant free”. Being so, it could be visualized 
that as far as reliability with respect to corrosion, both of 
these methods are advantageous over wave soldering, 

Bias Moisture Test 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a steam chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with- 
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to faiL 
This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 85°C and 
85% relative humidity. One cycle of approximately 100 
hours has been shown to be equivalent to 2,000 hours in 
the 85/85 condition. Should the packages start to fail within 
the first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85°C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2,000 hours of operation. 
Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac- 
tured and the workmanship or reliability standards. General- 
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

Test Results 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per- 
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 


TABLE IV. Vapor Phase vs. Wave Solder 

1. Vapor phase (60 sec. exposure @ 217°C) 

= 9 failures/ 1723 samples 
= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260°C) 

= 16 failures/ 1201 samples 
= 1 .3% (average over 27 sample lots) 
Package: SO-14 lead 
Test: Bias moisture test 85% R.H. 

85°C for 2,000 hours 
Device: LM324M 


In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder- 
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4,000 hours 85/85 test. 
Results were compared for packages by themselves 
against packages which were surface-mounted onto a FR-4 
printed wire board. 


TABLE V. Summary of Wave Solder Results 



Unmounted 

Mounted 

Control/Vapor Phase 
15 sec @ 215°C 

0/114 

0/84 

Solder Dip 

4 Sec @ 260°C 

2/144 (1.4%) 

0/85 

Solder Dip 

4 Sec @ 260°C 

— 

0/83 

Solder Dip 

6 Sec @ 260°C 

13/248 (5.2%) 

1/76 (1.3%) 

Solder Dip 

1 0 Sec @ 260°C 

14/127 (11.0%) 

3/79 (3.8%) 

Package: SO-14 lead 

Device: LM324M 


Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the packages 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In any case, because of the repeat- 
ed treatment, the package had failures when subjected in 
excess of 6 seconds immersion in hot solder. The safety 
margin is therefore recommended as maximum 4 seconds 
immersion. If packages were immersed longer than 4 sec- 
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 
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Board Mount of Surface Mount Components 




Board Mount of Surface Mount Components 


Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var- 
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6,000 hours in an 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 


TABLE VI. U.S. Manufacturing Integrated Circuits 
Reliability in Various Solder Environments 
(# Failure/Total Environment) 


Package 

SO-8 

Vapor 

Phase 

30 sec 

Wave 

Solder 

2 sec 

Wave 

Solder 

4 sec 

Wave 

Solder 

6 sec 

Wave 

Solder 

10 sec 

Manuf A 

8/30* 

1/30* 

0/30 

12/30* 

16/30* 

Manuf B 

2/30* 

8/30* 

2/30* 

22/30* 

20/30* 

Manuf C 

0/30 

0/29 

0/29 

0/30 

0/30 

Manuf D 

1/30* 

12/30* 

14/30* 

2/30* 


Manuf E 

o 

CO 

0/30 

0/30 

0/30 


Manuf F 

0/30 

0/30 

0/30 

0/30 


NSC 

0/30 

0/30 

0/30 

0/30 



’Corrosion failures 

'’No Visual Defects-Non-corrosion failues 
Test Accelerated Bias Moisture Test: 85% R.H./85°C. 6,000 equivalent 
hours 


Summary 

Based on the results presented, it is noted that surface- 
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be- 
ing totally immersed in hot solder wave during printed circuit 
board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer- 
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low T g compared to the soldering tem- 
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi- 
al. The results indicate that one should limit the immersion 
time of the package in the solder wave to a maximum of 4 
seconds in order to truly duplicate the reliability of a DIP. As 
the package size is reduced, as in a SO-8 lead, the require- 
ment becomes even more critical. This is shown by the vari- 
ous manufacturers’ performance. Results indicate there is 
room for improvement since not all survived the hot solder 
immersion without compromise to lower reliability. 
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National Semiconductor 

Recommended Soldering Profiles — Surface Mount 



Wave 

Solder 

IR 

Profile 

Vapor 

Phase 

Ramp Up °C/sec 

Maximum 

6°C/sec 

4°C/sec 

24°C/sec 


Recommended 

4°C/sec* 

2°C/sec* 

2°C/sec 


Minimum 

** 

** 

** 

AT 

Maximum 

135°C 

N/A 

N/A 


Recommended 

120C 

N/A 

N/A 


Minimum 

110°C 

N/A 

N/A 

Dwell Time ^ 1 83°C 

Maximum 

N/A 

85 seconds 

85 seconds 


Recommended 

N/A 

75 seconds* 

75 seconds* 


Minimum 

N/A 

30 seconds** 

** 

Solder Temperature 

Maximum 

260°C 

240°C*** 

219°C 


Recommended 

240°C 

215°C* 

215°C* 


Minimum 

** 

** 

** 

Dwell Time @ Max. 

Maximum 

4 seconds 

1 0 seconds 

75 


Recommended 

3 seconds 

5 seconds 

70 seconds 


Minimum 

** 

1 second 

** 

Ramp Down °C/sec 

Maximum 

No Information 

4°C/sec 

4°C/sec 


Recommended 

4°C/sec 

2C/soc 

2°C/sec 


Minimum 

No Information 

* * 

** 

Note: Temperature in degrees celcius. N/A = Not Applicable. 

AT = The temperature differential between the final preheat stage and the soldering stage. Temperature measured at the component lead area. 

*Will vary depending on board density, geometry, and package type. 

**Will vary depending on package types, and board density. 

***For plastic packages; ceramic packages maximum may be 250°C. 
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Small Outline (SO) Package 
Surface Mounting Methods- 
Parameters and Their 
Effect on Product Reliability 


National Semiconductor 
Application Note 450 
Josip Huljev 
W. K. Boey 



The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 

S.O. Package 

I 1 

i i 

l I 

— ►] |-«— TYPICALLY 0.050" LEADSPACING 

TL/F/8766-1 


Standard DIP Package 



Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 



TEST TIME (HRS) 

TL/F/8766-3 

FIGURE A 


In order to achieve reliability performance comparable to 
DIPs— SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera- 
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface- 
mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface- 
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 

PRODUCTION FLOW 


Basic Surface-Mount Production Flow 
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Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 



TL/F/8766-5 


Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro- 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 



DWELL TIME 

TL/F/8766-6 

FIGURE B 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 1 60°C, Figure C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (T g ) of epoxy (typically 160-165°C), the ther- 
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 
Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 — Standard DIP package 
Group 2 — SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 
Group 3 — dwell time 2 seconds 

4 — dwell time 4 seconds 

5 — dwell time 6 seconds 

6 — dwell time 10 seconds 



TEST TIME (HRS) 

TL/F/8766-7 

FIGURED 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 


The basic component^placement systems available are 
classified as: 

(a) In-line placement 

— Fixed placement stations 

— Boards indexed under head and respective compo- 
nents placed 

(b) Sequential placement 

— Either a X-Y moving table system or a 0, X-Y moving 
pickup system used 

— Individual components picked and placed onto boards 

(c) Simultaneous placement 
— Multiple pickup heads 

— Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

— X-Y moving table, multiple pickup heads system 
— Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 
The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 



ac & mrsrmm 

SQ m 
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BAKE 

This is recommended, despite claims made by some solder 

paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili- 
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely; 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/ infrared furnace may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
“hot spots” in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori- 
fice mask) can be used. 

The boards are preheated to about 100°C and then subject- 
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper- 
ties of passive components. 

INFRARED REFLOW SOLDERING 

Use of an infrared furnace is currently the most popular 
method to automate mass reflow, the heating is promoted 
by use of IR lamps or panels. Early objections to this meth- 
od were that certain materials may heat up at different rates 
under IR radiation and could result in damage to those com- 
ponents (usually sockets and connectors). This has been 
minimized by using far-infrared (non-focused) systems and 
convected air. 

Infrared Profile 
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VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215°C vapor (most applications) or FX-38 

• FC-71 , 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 


Vapor-Phase Profile 
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TL/F/8766-28 

In-Line Conveyorized Vapor-Phase Soldering 



The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 
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Batch-Fed Production Vapor-Phase Soldering Unit 


SECONDARY 

COILS 


IMMERSION HEATER 


Solder Joints on a SO- 14 Package on PCB 


Vapor-Phase Furnace 


TL/F/8766-10 


Solder Joints on a SO- 14 Package on PCB 
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PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/ resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

— Good pattern resolution. 

— Complete coverage of circuit lines and resistance to 
flaking during soldering. 

— Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

— Compatible with soldering and cleaning requirements. 
SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 

The typical lithographic “footprints” for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 


common and well-tried method. The paste is forcqd through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 

• Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver- 
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom- 
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed %" , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see following photographs). Mesh 325 (ap- 
proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 

• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 1 00/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 

• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 
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RECOMMENDED SOLDER PADS FOR SO PACKAGES 
SO-8, SO-14, SO-16 


0.045" ±0.005" 






0.245" 

MIN 


0.160" 

±0.005" 


■ III 

0.030" ±0.005" -*l i— — j [— 0 050" 


TYP 

TL/F/8766-14 


SOT-23 


0" ±0.005" — ► 





L 
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SO-16L, SO-20 




0.420" MIN 


0.325" ±0.005" 


■ III 
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Comparison of Particle Size/Shape of Various Solder Pastes 


200 X Alpha (62/36/2) 
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200 X Kester (63/37) 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. CFC solvents are being phased out as they are 
hazardous to the environment. Other approaches to 
cleaning are commercially available and should be investi- 
gated on an individual basis considering local and govern- 
ment environmental rules. 

Prelete or 1 ,1 ,1 -Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub- 
jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
mehts for low-volume production. 

• For volume production, a conveyorized, multiple hot sol- 
vent spray /jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres- 
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 

Hot-Air Solder Rework Station 



Hot-Air Rework Machine 



TL/F/8766-23 

lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a yarimeter. Aftef being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
“dual wave” soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste, which is more or less localized). Non- 
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 1 00° C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes “shadowing” of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 
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Mixed Surface Mount and Lead Insertion 


ADHESIVE 



(a) Same Side (b) Opposite Sides 



A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where “shadowing” occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce “icicles,” and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma- 
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 



Dual Wave 


TL/F/8766-25 


CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 

to provide insulation resistance, as well as protection 

against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack- 
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/components. 

• Silicones are recommended where permissible in 
application. 
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AN-450 



AN-450 


SMD Lab Support 

FUNCTIONS 

Demonstration— Introduce first-time users to surface- 
mounting processes. 

Service — Investigate problems experienced by users on 
surface mounting. 

Reliability Builds — Assemble surface-mounted units for re- 
liability data acquisition. 


Techniques — Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment — In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise — Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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National Semiconductor 


Land Pattern Recommendations 


The following land pattern recommendations are provided as guidelines for board layout and assembly purposes. 

These recommendations cover the following National Semiconductor packages: PLCC, PQFP, SOP, SSOP and TSOP. 

For SOT-23 (5-Lead) and TO-263 (3- or 5-Lead) packages, refer to land patterns shown in the Physical Dimensions for MA05A 
and TS3B or TS5B packages, respectively. 



Plastic Leaded Chip Carriers (PLCC) 

u m= - r DOODDDODQDDD: 



OODDODODODDO 



D 

Body 

Size 

(mm) 

D' 

Body 

Size 

(mm) 

Lead 

Count 

No. 

L 

Lead Tip 
to Tip 
(mm) 

L' 

Lead Tip 
to Tip 
(mm) 

W 

Lead 

Width 

(mm) 

P 

Lead/Pad 

Pitch 

(mm) 

A 

Inner Pad 
to Pad Edge 
(mm) 

A' 

Inner Pad 
to Pad Edge 
(mm) 

B 

Outer Pad 
to Pad Edge 
(mm) 

B' 

Outer Pad 
to Pad Edge 
(mm) 

X 

Land 

Width 

(mm) 

8.89 

8.89 

20 

10.03 

10.03 

0.53 

1.27 

6.73 

6.73 

10.80 

10.80 

0.63 

11.43 

11.43 

28 

12.57 

12.57 

0.53 

1.27 

9.27 

9.27 

13.34 

13.34 

0.63 

11.43 

14.05 

32 

12.57 

15.11 

0.53 

1.27 

9.27 

12.00 

13.34 

16.00 

0.63 

16.51 

16.51 

44 

17.65 

17.65 

0.53 

1,27 

14.35 

14.35 

18.42 

18.42 

0.63 

19.05 

19.05 

52 

20.19 

20.19 

0.53 

1.27 

16.89 

16.89 

20.96 

20.96 

0.63 

24.13 

24.13 

68 

25.27 

25.27 

0.53 

1.27 

21.97 

21.97 

26.04 

26.04 

0.63 

29.21 

29.21 

84 

30.35 

30.35 

0.53 

1.27 

27.05 

27.05 

31.12 

31.12 

0.63 
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JEDEC Small Outline and Shrink Small Outline Packages (SOP and SSOP) 


niii 

LE 

!■!■!■!■! 

L ' 

o 

D L 

Ell 


— W 


j£ 


C BA 


X 


A 




□□□□□□□□ 


4 p U 


D 

Lead 

Count 

No. 

C 

L 

w 

P 

A 

B 

X 

Body 

Shoulder 

Lead Tip 

Lead 

Lead/Pad 

Inner Pad 

Outer Pad 

Pad 

Size 

to Shoulder 

to Tip 

Width 

Pitch 

to Pad Edge 

to Pad Edge 

Width 

(in) 

(in) 

(in) 

(in) 

(in) 

(in) 

(in) 

(in) 

SOP 

0.150 

8 

0.144 

0.244 

0.020 

0.050 

0.094 

0.294 

0.028 

0.150 

14 

0.144 

0.244 

0.020 

0.050 

0.094 

0.294 

0.028 

0.150 

16 

0.144 

0.244 

0.020 

0.050 

0.094 

0.294 

0.028 

0.300 


0.3300 

0.4100 

0.0190 

0.0500 

0.2800 

0.4600 

0.0270 

0.300 

16 

0.3300 

0.4100 

0.0190 

0.0500 

0.2800 

0.4600 

0.0270 

0.300 

20 

0.3300 

0.4100 

0.0190 

0.0500 

0.2800 

0.4600 

0.0270 

0.300 

24 

0.3300 

0.4100 

0.0190 

0.0500 

0.2800 

0.4600 

0.0270 

0.300 

28 

0.3300 

0.4100 

0.0190 

0.0500 

0.2800 

0.4600 

0.0270 

SSOP 

0.150 

20 

0.185 

0.241 

0.010 

0.025 

0.145 

0.281 

0.014 

0.150 

24 

0.185 

0.241 

■BQi 

0.025 

0.145 

0.281 

0.014 

0.300 

48 

0.340 

0.420 


0.025 

0.300 

0.460 

0.016 

0.300 

56 


0.420 

0.012 

0.025 

0.300 

0.460 

0.016 
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Land Pattern Recommendations 


EIAJ Small Outline, Shrink Small Outline, and Thin Small Outline Packages (SOP, SSOP and TSOP) 



SOP TYPE II 


5.300 

14 

6.280 


0.400 


5.010 

9.270 

0.600 

5.300 

16 

6.280 


0.400 



9.270 

0.600 

5.300 

20 

6.280 

8.000 

0.400 

1.270 

5.010 

9.270 

0.600 

SSOP TYPE II 

5.300 

20 

6.600 



0.650 

5.584 

9.116 

0.451 

5.300 

24 

6.600 


0.400 

0.650 

5.584 

9.116 

0.451 

SSOP TYPE III 

7.500 

40 

8.900 


0.350 

0.650 

7.884 

11.516 

0.452 

TSOP TYPE 1 

18.500 

32 

19.000 

20.200 

0.250 

0.500 

17.984 

21.216 

0.301 
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National 


Semiconductor 


Appendix A 

General Product Marking & Code Explanation 


LF 356 


N 



Reliability Program (Optional) 
(Refer to Appendix C) 


Package Type (See Right) 


Device Number (Generic Type) 
and Suffix Letter (Optional) 

A or B: Improved 
Electrical 
Specification 
C, I, E or M: Temperature 
Range 


Device Family (See Below) 


Device Family 


ADC 

Data Conversion 

AF 

Active Filter 

AH 

Analog Switch (Hybrid) 

DAC 

Data Conversion 

DM 

Digital (Monolithic) 

HS 

Hybrid 

LF 

Linear (BI-FETtm) 

LH 

Linear (Hybrid) 

LM 

Linear (Monolithic) 

LMC 

Linear CMOS 

LMD 

Linear DMOS 

LP 

Linear (Low Power) 

LPC 

Linear CMOS (Low Power) 

MF 

Linear (Monolithic Filter) 

LMF 

Linear Monolithic Filter 


Package Type 


D 

Glass/Metal DIP 

E 

Ceramic Leadless Chip Carrier (LCC) 

F 

Glass/Metal Flat Pak (%" x y 4 " ) 

G 

1 2 Lead TO-8 Metal Can (M/C) 

H 

Multi-Lead Metal Can (M/C) 

H-05 

4 Lead M/C (TO-5) j Shipped with 

H-46 

4 Lead M/C (TO-46) J Thermal Shield 

J 

Lo-Temp Ceramic DIP 

J-8 

8 Lead Ceramic DIP (“MiniDIP”) 

J-14 

1 4 Lead Ceramic DIP (-14 used only when 
product is also available in -8 pkg). 

K 

TO-3 M/C in Steel, except LM309K 
which is shipped in Aluminum 

KC 

TO-3 M/C (Aluminum) 

K Steel 

TO-3 M/C (Steel) 

M 

Small Outline Package 

M3 

3-Lead Small Outline Package 

M5 

5-Lead Small Outline Package 

N 

Molded DIP (EPOXY B) 

N-01 

Molded DIP (Epoxy B) with Staggered Leads 

N-8 

8 Lead Molded DIP (Epoxy B) (“Mini-DIP”) 

N-14 

14 Lead Molded DIP (Epoxy B) 

(-1 4 used only when product is also 
available in -8 pkg). 

P 

3 Lead TO-202 Power Pkg 

Q 

Cerdip with UV Window 

S 

3,5,1 1, -& 15 Lead TO-263 Surf. Mt. Power Pkg 

T 

3,5,1 1 ,1 5 & 23 Lead TO-220 PWR Pkg (Epoxy B) 

V 

Multi-lead Plastic Chip Carrier (PCC) 

W 

Lo-Temp Ceramic Flat Pak 

WM 

Wide Body Small Outline Package 


DATE CODE 

NON-MILITARY 

2ND DIGIT - CALENDAR YEAR 

3RD & 4TH DIGITS - CALENDAR WORK WEEK 

MILITARY- 883 &M385 10 

1ST* 2ND DIGITS - CALENDAR YEAR 
3RD & 4TH DIGITS - CALENDAR WORK WEEK 



DATE CODE 

1ST DIGIT - CALENDAR YEAR 
2ND DIGIT - 6-WEEK PERIOD 


IN CALENDAR YEAR 
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Device/ Application Literature Cross-Reference 



National Semiconductor 


Appendix B 

Device/ Application Literature Cross-Reference 


Device Number 


Application Literature 


ADCXXXX . . 
ADC80 .... 
ADC0801 . . . 
ADC0802 .. 
ADC0803 .. 
ADC08031 . 
ADC0804 . . . 
ADC0805 .. 
ADC0808 . . . 
ADC0809 .. 
ADC0816 . . . 
ADC0817... 
ADC0820 . . 
ADC0831 .. 
ADC0832 .. 
ADC0833 .. 
ADC0834 .. 
ADC0838 .. 
ADC1001 . . . 
ADC1005 .. 
ADC10461 . 
ADC10462 . 
ADC10464 . 
ADC10662 . 
ADC10664 . 
ADC12030 . 
ADC12032 . 
ADC12034 . 
ADC12038 . 
ADC12H030 
ADC12H032 
ADC12H034 
ADC12H038 
ADC12L030 
ADC12L032 
ADC12L034 
ADC12L038 
ADC1210 .. 
ADC12441 . 
ADC12451 . 
DACXXXX . . 
DAC0800 . . 
DAC0830 . . 


AN-156 

AN-360 

AN-233, AN-271, AN-274, AN-280, AN-281 , AN-294, LB-53 

AN-233, AN-274, AN-280, AN-281 , LB-53 

AN-233, AN-274, AN-280, AN-281, LB-53 

AN-460 

AN-233, AN-274, AN-276, AN-280, AN-281, AN-301, AN-460, LB-53 

AN-233, AN-274, AN-280, AN-281 , LB-53 

AN-247, AN-280, AN-281 

AN-247, AN-280 

AN-193, AN-247, AN-258, AN-280 

AN-247, AN-258, AN-280 

AN-237 

AN-280, AN-281 

AN-280, AN-281 

AN-280, AN-281 

AN-280, AN-281 

AN-280, AN-281 

AN-276, AN-280, AN-281 

AN-280 

AN-769 

AN-769 

AN-769 

AN-769 

AN-769 

AN-929 

AN-929 

AN-929 

AN-929 

AN-929 

AN-929 

AN-929 

AN-929 

AN-929 

AN-929 

AN-929 

AN-929 

AN-245 

AN-769 

AN-769 

AN-156 

AN-693 

AN-284 


6-4 




Oevice/Application Literature Cross-Reference (Continued) 

Device Number Application Literature 

DAC0831 AN-271, AN-284 

DAC0832 AN-271, AN-284 

DAC1 006 AN-271 , AN-275, AN-277, AN-284 

DAC1007 AN-271, AN-275, AN-277, AN-284 

DAC1008 AN-271, AN-275, AN-277, AN-284 

D AC 1020 AN-263, AN-269, AN-2293, AN-294, AN-299 

DAC1021 AN-269 

DAC1022 AN-269 

DAC1208 AN-271, AN-284 

DAC1209 AN-271, AN-284 

DAC1210 AN-271, AN-284 

DAC1218 AN-293 

DAC1219 AN-693 

D AC 1220 AN-253, AN-269 

D AC 1221 AN-269 

DAC1222 AN-269 

DAC1230 AN-284 

DAC1231 AN-271, AN-284 

DAC1 232 AN-271 , AN-284 

DAC1280 AN-261, AN-263 

DH0034 AN-253 

DH0035 AN-49 

INS8070 AN-260 

LF111 LB-39 

LF155 AN-263, AN-447 

LF198 AN-245, AN-294 

LF311 AN-301 

LF347 AN-256, AN-262, AN-263, AN-265, AN-266, AN-301 , AN-344, AN-447, LB-44 

LF351 AN-242, AN-263, AN-266, AN-271 , AN-275, AN-293, AN-447, Appendix C 

LF351A AN-240 

LF351B Appendix D 

LF353 AN-256, AN-258, AN-262, AN-263, AN-266, AN-271, AN-285, AN-293, AN-447, LB-44, Appendix D 

LF356 AN-253, AN-258, AN-260, AN-263, AN-266, AN-271, AN-272, 

AN-275, AN-293, AN-294, AN-295, AN-301, AN-447, AN-693 

LF357 AN-263, AN-447, LB-42 

LF398 AN-247, AN-258, AN-266, AN-294, AN-298, LB-45 

LF41 1 AN-294, AN-301 , AN-344, AN-447 

LF412 AN-272, AN-299, AN-301 , AN-344, AN-447 

LF441 AN-301, AN-447 

LF13006 AN-344 

LF13007 AN-344 

LF13331 AN-294, AN-447 

LH0002 AN-13, AN-227, AN-263, AN-272, AN-301 

LH0024 AN-253 

LH0032 AN-242, AN-253 

LH0033 AN-48, AN-227, AN-253 

LH0063 AN-227 

LH0070 AN-301 

LH0071 AN-245 

LH0094 AN-301 

LH0101 AN-261 
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Device/ Application Literature Cross-Reference 


Device/ Application Literature Cross-Reference (Continued) 

Device Number Application Literature 

LH1605 . AN-343 

LH2424 AN-867 

LM10 , AN-21 1, AN-247, AN-258, AN-271, AN-288, AN-299, AN-300, AN-460, AN-693 

LM11 . AN-241, AN-242, AN-260, AN-266, AN-271 

LM12 : AN-446, AN-693, AN-706 

LM1 01 AN-4, AN-1 3, AN-20, AN-24, LB-42, Appendix A 

LM101A AN-29, AN-30, AN-31, AN-79, AN-241 AN-711, LB-1, LB-2, LB-4, LB-8, LB-14, LB-16, LB-19, LB-28 

LM102 AN-4, AN-13, AN-30, LB-1, LB-5, LB-6, LB-11 

LM103 AN-1 10, LB-41 

LM1 05 AN-23, AN-1 1 0, LB-3 

LM106 AN-41, LB-6, LB-12 

LM107 AN-20, AN-31, LB-1, LB-12, LB-19, Appendix A 

LM108 AN-29, AN-30, AN-31, AN-79, AN-21 1 , AN-241 , LB-14, LB-15, LB-21 

LM108A AN-260, LB-15, LB-19 

LM109 AN-42, LB-15 

LM109A LB-15 

LM110 LB-11, LB-42 

LM111 AN-41, AN-103, LB-12, LB-16, LB-32, LB-39 

LM112 LB-19 

LM113 AN-56, AN-110, LB-21, LB-24, LB-28, LB-37 

LM117 AN-178, AN-181, AN-182, LB-46, LB-47 

LM117HV LB-46, LB-47 

LM118 LB-1 7, LB-1 9, LB-21 , LB-23, Appendix A 

LM119 LB-23 

LM120 AN-182 

LM121 AN-79, AN-104, AN-184, AN-260, LB-22 

LM121A LB-32 

LM122 AN-97, LB-38 

LM125 : :. AN-82 

LM126 AN-82 

LM129 AN-173, AN-178, AN-262, AN-266 

LM131 AN-210, AN-460, AppendixD 

LM131A AN-210 

LM134 LB-41, AN-460 

LM135 AN-225, AN-262, AN-292, AN-298, AN-460 

LM137 LB-46 

LM137HV LB-46 

LM138 LB-46 

LM139 AN-74 

LM143 AN-1 27, AN-271 

LM148 AN-260 

LM150 LB-46 

LM158 AN-116 

LM160 AN-87 

LM161 AN-87, AN-266 

LM163 AN-295 

LM194 AN-222, LB-21 

LM195 AN-110 

LM199 AN-1 61, AN-260 

LM199A AN-161 

LM211 LB-39 
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Device/ Application Literature Cross-Reference (Continued) 


Device Number Application Literature 

LM231 AN-210 

LM231A AN-210 

LM235 AN-225 

LM239 AN-74 

LM258 AN-116 

LM260 AN-87 

LM261 AN-87 

LM34 AN-460 

LM35 AN-460 

LM301 A AN-1 78, AN-1 81 , AN-222 

LM308 . .AN-88, AN-184, AN-272, LB-22, LB-28, Appendix D 

LM308A AN-225, LB-24 

LM309 AN-178, AN-182 

LM311 AN-41, AN-103, AN-260, AN-263, AN-288, AN-294, AN-295, AN-307, LB-12, LB-16, LB-18, LB-39 

LM313 AN-263 

LM316 AN-258 

LM317 AN-178, LB-35, LB-46 

LM317H LB-47 

LM318 AN-299, LB-21 

LM319 AN-828, AN-271, AN-293 

LM320 AN-288 

LM321 LB-24 

LM324 AN-88, AN-258, AN-274, AN-284, AN-301, LB-44, AB-25, Appendix C 

LM329 AN-256, AN-263, AN-284, AN-295, AN-301 

LM329B AN-225 

LM330 AN-301 

LM331 AN-21 0, AN-240, AN-265, AN-278, AN-285, AN-31 1 , LB-45, Appendix C, Appendix D 

LM331 A AN-21 0, Appendix C 

LM334 AN-242, AN-256, AN-284 

LM335 AN-225, AN-263, AN-295 

LM336 AN-202, AN-247, AN-258 

LM337 .LB-46 

LM338 LB-49, LB-51 

LM339 AN-74, AN-245, AN-274 

LM340 AN-1 03, AN-1 82 

LM340L AN-256 

LM342 AN-288 

LM346 AN-202, LB-54 

LM348 AN-202, LB-42 

LM349 LB-42 

LM358 AN-1 1 6, AN-247, AN-271 , AN-274, AN-284, AN-298, Appendix C 

LM358A Appendix D 

LM359 AN-278, AB-24 

LM360 AN-87 

LM361 AN-87, AN-294 

LM363 AN-271 

LM380 AN-69, AN-1 46 

LM385 AN-242, AN-256, AN-301, AN-344, AN-460, AN-693, AN-777 

LM386 LB-54 

LM391 AN-272 

LM392 AN-274, AN-286 
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Device/ Application Literature Cross-Reference 


Device/ Application Literature Cross-Reference (Continued) 


Device Number Application Literature 

LM393 AN-271 , AN-274, AN-293, AN-694 

LM394 AN-262, AN-263, AN-271 , AN-293, AN-299, AN-31 1 , LB-52 

LM395 AN-1 78, AN-1 81 , AN-262, AN-263, AN-266, AN-301 , AN-460, LB-28 

LM399 AN-184 

LM555 AN-694, AB-7 

LM556 : AB-7 

LM565 AN-46, AN-1 46 

LM566 AN-146 

LM604 AN-460 

LM628 AN-693, AN-706 

LM629 . AN-693, AN-694, AN-706 

LM709 AN-24, AN-30 

LM710 AN-41, LB-12 

LM725 LB-22 

LM741 AN-79, LB-19, LB-22 

LM833 AN-346 

LM1036 AN-390 

LM1202 AN-867 

LM1203 AN-861 

LM1204 AN-934 

LM1458 AN-116 

LM1524 AN-272, AN-288, AN-292, AN-293 

LM1558 AN-116 

LM1578A AB-30 

LM1823 AN-391 

LM1830 AB-10 

LM1865 AN-390 

LM1886 AN-402 

LM1889 AN-402 

LM1894 AN-384, AN-386, AN-390 

LM2419 AN-861 

LM2577 AN-776, AN-777 

LM2876 * AN-898 

LM2889 AN-391, AN-402 

LM2907 ! AN-162 

LM2917 AN-162 

LM2931 AB-12 

LM2931CT AB-11 

LM3045 .....AN-286 

LM3046 AN-1 46, AN-299 

LM3089 AN-147 

LM3524 AN-272, AN-288, AN-292, AN-293 

LM3525A AN-694 

LM3578A AB-30 

LM3875 AN-898 

LM3876 AN-898 

LM3886 AN-898 

LM3900 AN-72, AN-263, AN-274, AN-278, LB-20, AB-24 

LM3909 AN-154 

LM3914 AN-460, LB-48, AB-25 

LM3915 AN-386 

LM3999 AN-161 
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Device/Application Literature Cross-Reference (Continued) 


Device Number Application Literature 

LM4250 AN-88, LB-34 

LM6181 AN-813, AN-840 

LM7800 AN-178 

LM 12454 AN-906, AN-947, AN-949 

LM 12458 AN-906, AN-947, AN-949 

LM12H454 AN-906, AN-947, AN-949 

LM12H458 AN-906, AN-947, AN-949 

LM12L458 AN-906, AN-947, AN-949 

LM 18293 AN-706 

LM78L12 AN-146 

LM78S40 AN-711 

LMC555 AN-460, AN-828 

LMC660 AN-856 

LMC835 AN-435 

LMC6044 AN-856 

LMC6062 AN-856 

LMC6082 AN-856 

LMC6484 AN-856 

LMD18200 AN-694, AN-828 

LMF40 AN-779 

LMF60 AN-779 

LMF90 AN-779 

LMF100 AN-779 

LMF380 AN-779 

LMF390 AN-779 

LP324 AN-284 

LP395 AN-460 

LPC660 AN-856 

MF4 AN-779 

MF5 AN-779 

MF6 AN-779 

MF8 AN-779 

MF10 AN-307, AN-779 

MM2716 LB-54 

MM54104 AN-252, AN-287, LB-54 

MM57110 AN-382 

MM74C00 AN-88 

MM74C02 AN-88 

MM74C04 AN-88 

MM74C948 AN-193 

MM74HC86 AN-861 , AN-867 

MM74LS138 LB-54 

MM53200 AN-290 

2N4339 AN-32 
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Appendix C 

Summary of Commercial Reliability Programs 


P+ Product Enhancement 

The P + product enhancement program involves dynamic 
tests that screen out assembly related and silicon defects 
that can lead to infant mortality and/or reduce the surviva- 


bility of the device under high stress conditions. This pro- 
gram includes but is not limited to the following power 
devices: 


Package Types 
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Appendix D 

Military Aerospace Programs 
from National Semiconductor 


This appendix is intended to provide a brief overview of 
military products available from National Semiconduc- 
tor. The process flows and catagories shown below are 
for general reference only. For further information and 
availability, please contact the Customer Response 
Center at 1-800-272-9959, Military/ Aerospace Marketing 
group or your local sales office. 

National Semiconductor’s Military /Aerospace Program is 
founded on dedication to excellence. National offers com- 
plete support across the broadest range of products with 
the widest selection of qualification levels and screening 
flows. These flows include: 


Process Flows 
(Integrated Circuits) 

Description 

JANS 

QML products processed to 
MIL-l-38535 Level S or V for Space 
level applications. 

JAN B 

QML products processed to 
MIL-l-38535 Level B or Q for 

Military applications. 

SMD 

QML products processed to a 
Standard Microcircuit Drawing with 
Table 1 Electricals controlled by 
DESC. 

883 

QML products processed to 
MIL-STD-883 Level B for Military 
applications. 

MLP 

Products processed on the 
Monitored Line (Program) 
developed by the Air Force for 
Space level applications. 

-MIL 

Similar to MIL-STD-883 with 
exceptions noted on the Certificate 
of Conformance. 

MSP 

Military Screening Products for 
initial release of advanced 
products. 

MCP 

Commercial products processed in 
a military assembly. Electrical 
testing performed at 25°C, plus 
minimum and maximum operating 
temperature to commercial limits. 

MCR 

Commercial products processed in 
a military assembly. Electrical 
testing performed at 25°C to 
commercial limits 

MRP 

Military Ruggedized Plastic 
products processed to avionics 
requirements. 

MRR 

Commercial Ruggedized plastic 
product processed in a commercial 
assembly with electrical testing at 
25°C. 

MPC 

Commercial plastic products 
processed in a commercial 
assembly with electrical testing at 
25°C. 
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■ QML: The purpose of the QML program, which is ad- 
ministered by the Defense Electronics Supply Center 
(DESC), is to provide the military community with stan- 
dardized products that have been manufactured and 
screened to the highest quality and reliability standards 
in facilities that have been certified by the government. 
To achieve QML status, manufacturers must submit 
their facilities, quality procedures and design philoso- 
phies to a thorough audit aimed at confirming their abili- 
ty to produce product to the highest design and quality 
standards. They must be listed on DESC’s Qualified 
Manufacturer List (QML) before devices can be marked 
and shipped as QML product. 

Two processing levels are specified within MIL-l-38535, 
the QML standard: Class S (typically specified for 
space and strategic applications) and Class B (used for 
tactical missile, airborne, naval and ground systems). 
The requirements for both classes are defined within 
MIL-STD-883. National is one of the industry’s leading 
suppliers of both classes. 

■ Standard Microcircuit Drawings (SMD). SMDs are is- 
sued to provide standardized versions of devices of- 
fered under QML. MIL-STD-883 screening is coupled 
with tightly controlled electrical test specifications that 
allow a manufacturer to use his standard electrical 
tests. Table I explains the marking of JAN devices, and 
Table II outlines current marking requirements for QML/ 
SMD devices. Copies of MIL-l-38535 and the QML can 
be obtained from the Naval Publications and Forms 
Center (5801 Tabor Avenue, Philadelphia, PA 19120, 
212/697-2179. A current listing of National’s SMD of- 
ferings can be obtained from our authorized distribu- 
tors, our sales offices, our Customer Response Center 
(Arlington, Texas, 817/468-6300), or from DESC. 

■ MIL-STD-883. Originally intended to establish uniform 
test methods and procedures, MIL-STD-883 has also 
become the general specification for non-SMD military 
product. MIL-STD-883 defines the minimum require- 
ments for a device to be marked and advertised as 
883-compliant. Design and construction criteria, docu- 
mentation controls, electrical and mechanical screening 
requirements, and quality control procedures are out- 
lined in paragraph 1.1.2 of MIL-STD-883. 


National offers both 883 Class B and 883 Class S prod- 
uct. The screening requirements for both classes of prod- 
uct are outlined in Table III. 

As with SMDs a manufacturer is allowed to use his stan- 
dard electrical tests provided that all critical parameters 
are tested. Also, the electrical test parameters, test con- 
ditions, test limits and test temperatures must be clearly 
documented. At National Semiconductor, this information 
is available via our Table I (formerly RETS, Reliability 
Electrical Test Specification Program). The Table I docu- 
ment is a complete description of the electrical tests per- 
formed and is controlled by our QA department. Individual 
copies are available upon request. 

Some of National’s products are produced on a flow simi- 
lar to MIL-STD-883. These devices are screened to the 
same stringent requirements as 883 product, but are 
marked as -MIL; specific reasons for prevention of com- 
pliancy are clearly defined in the Certificate of Conform- 
ance (C of C) shipped with the product. 

■ Monitored Line Program (MLP): is a non JAN Level S 
program developed by the Air Force. Monitored Line 
product usually provides the shortest cycle time, and is 
acceptable for application in several space level pro- 
grams. Lockheed Missiles and Space Company in Sun- 
nyvale, California, under an Air Force contract, provides 
“on-site” monitoring of product processing, and as ap- 
propriate, program management. Monitored Line orders 
generally do not allow “customizing”, and most flows 
do not include quality conformance inspection. Drawing 
control is maintained by the Lockheed Company. 

■ Military Screening Program (MSP): National’s Military 
Screening Program was developed to make screened 
versions of advanced products such as gate arrays and 
microprocessors available more quickly. Through this 
program, screened product is made available for proto- 
types and breadboards prior to or during the QML activ- 
ities. MSP products receive the 100% screening of Ta- 
ble III, but are not subjected to Group C and D quality 
conformance testing. Other criteria such as electrical 
testing and temperature range will vary depending upon 
individual device status and capability. 
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TABLE I. JAN S or B Part Marking 

J M385 1 O /XXXXXYYY 

Lead Finish 
A = Solder Dipped 
B = Tin Plate 
C = Gold Plate 
X = Any lead finish above 
is acceptable 

— Device Package 
(see Table II) 

Screening Level 

S or B 

Device Number on 

Slash Sheet 

Slash Sheet Number 

For radiation hard devices 

this slash is replaced by the 
Radiation Hardness Assurance 
Designator (M, D, R, or H of 
MIL-l-38535) 

MIL-M-385 1 0 

JAN Prefix 

TL/XX/0030-1 


TABLE l-A. JAN Package Codes 


JAN 

Package 

Designation 

Microcircuit Industry Description 

A 

14-pin %" x %" (Metal) Flatpak 

B 

14-pin 3 /, 6 " x y 4 " (Metal) Flatpak 

C 

14-pin %" x%" Dual-In-Line 

D 

14-pin %" x%" (Ceramic) Flatpak 

E 

1 6-pin %" x 7 / 8 " Dual-ln-Line 

F 

1 6-pin %" x 3 / 8 " (Metal or Ceramic) Flatpak 

G 

8-pin TO-99 Can or Header 

H 

1 0-pin %" x %" (Metal) Flatpak 

1 

1 0-pin TO-1 00 Can or Header 

J 

24-pin y 2 " x1%" Dual-ln-Line 

K 

24-pin %" x %" Flatpak 

L 

24-pin %" x 1 %" Dual-ln-Line 

M 

1 2-pin TO-1 01 Can or Header 

N 

(Note 1) 

P 

8-pin %" x %" Dual-ln-Line 

Q 

40-pin 3 / 16 " x 2y 16 " Dual-ln-Line 

R 

20-pin y 4 " xiy 16 " Dual-ln-Line 

S 

20-pin y 4 " x y 2 " Flatpak 

T 

(Note 1) 

U 

(Note 1) 

V 

1 8-pin %" x 1S / 16 " Dual-ln-Line 

w 

22-pin %" xiy 8 " Dual-ln-Line 

X 

(Note 1) 

Y 

(Note 1) 

z 

(Note 1) 

2 

20-terminal 0.350" x 0.350" Chip Carrier 

3 

28-terminal 0.450" x 0.450" Chip Carrier 


Note 1: These letters are assigned to packages by individual detail specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 
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TABLE II. Standard Military Drawing 
(SMD) Marking 


5962-931 9502MXA 



Lead Finish 
(Solder) 

Package Codes 
(see Table IIA) 

Class Designator 
M = MIL-STD-883 
B or Q = Class B 
S or V = Class C 

Device Number 
Drawing Number — 
Year of Issue 

The "/" and can 
be replaced by RHA 
designations 
D = 10 krad 
R = 100 krad 

Federal Stock Class 


TL/XX/0030-2 


TABLE ll'A. SMD Package Codes 


SMD 

Package 

Designation 

Microcircuit Industry Description 

C 

14-pin Flatpak 

D 

14-pin C DIP 

E 

16-pin C DIP 

F 

16-pin Flatpak 

G 

8-pin TO-99 Can 

H 

10-pin (Metal) Flatpak 

1 

10-pin TO- 100 Can 

X 

(Note 2) 

Y 

(Note 2) 

P 

8-pin C DIP 

2 

20-pin LCC 

R 

20-Pin DIP 


Note 2: These letters are assigned to packages by individual detail specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 


TABLE III. 100% Screening Requirements 



Screen 

Class S 

Class B 


Method 

Reqmt 

Method 

Reqmt 

1. 

Wafer Lot Acceptance 

5007 

All Lots 



2. 

Nondestructive Bond Pull (Note 1 4) 

2023 

100% 


hbH 

3. 

Internal Visual (Note 1 ) 

2020, Condition A 

100% 

2010, Condition B 

100% 

4. 

Stabilization Bake (Note 16) 

1008, Condition C, Min 

24 Hrs. Min 

100% 

1 008, Condition C, Min 
24 Hrs. Min 

100% 

5. 

Temperature Cycling (Note 2) 

1010, Condition C 

100% 

1010, Condition C 

100% 

6. 

Constant Acceleration 

2001 , Condition E Min 

Y-j Orientation Only 

100% 

2001 , Condition E Min 

Y-j Orientation Only 

100% 

7. 

Visual Inspection (Note 3) 


100% 


100% 

8. 

Particle Impact Noise Detection (PIND) 

2010, Condition A (Note 4) 

100% 



9. 

Serialization 

(Note 5) 

100% 



10. 

Interim (Pre-Burn-In) Electrical Parameters 

Per Applicable Device 
Specification (Note 13) 

100% 

Per Applicable Device 
Specification (Note 6) 


11. 

Burn-In Test 

1015 

240 Hrs. @125°C Min 
(Cond. F Not Allowed) 

100% 

1015 

160 Hrs. @ 125°C Min 

100% 

12. 

Interim (Post Burn-In) 

Electrical Parameters 

Per Applicable Device 
Specification (Note 3) 

100% 
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TABLE III. 100% Screening Requirements (Continued) 



Screen 

Class S 

Class B 


Method 

Reqmt 

Method 

Reqmt 

13. 

Reverse Bias Burn-In (Note 7) 

1 01 5; Test Condition A, C, 
72 Hrs. @ 150°C Min 
(Cond. F Not Allowed) 

100% 



14. 

Interim (Post-Burn-In) Electrical 

Parameters 

Per Applicable Device 
Specification (Note 1 3) 

100% 

Per Applicable Device 
Specification 

100% 

15. 

PDA Calculation 

5% Parametric (Note 14), 
3% Functional 

All Lots 

5% Parametric (Note 14) 

All Lots 

16. 

Final Electrical Test (Note 15) 

a) Static Tests 

1) 25°C (Subgroup 1 , Table 1, 5005) 

2) Max & Min Rated Operating Temp. 
(Subgroups 2, 3, Table 1, 5005) 

b) Dynamic Tests or Functional Tests 

1) 25°C (Subgroup 4 or 7) 

2) Max and Min Rated Operating Temp. 
(Subgroups 5 and 6 or 8, Table 1, 

5005) 

c) Switching Tests 25°C 

(Subgroup 9, Table 1, 5005) 

Per Applicable Device 
Specification 

100% 

100% 

100% 

100% 

100% 

Per Applicable Device 
Specification 

100% 

100% 

100% 

100% 

100% 

17. 

Seal Fine, Gross 

1014 

100% 
(Note 8) 

1014 

100% 
(Note 9) 

18. 

Radiographic (Note 1 0) 

2012 Two Views 

100% 



19. 

Qualification or Quality Conformance 
Inspection Test Sample Selection 

(Note 11) 

Samp. 

(Note 11) 

Samp. 

20. 

External Visual (Note 12) 

2009 

100% 


100% 


Note 1: Unless otherwise specified, at the manufacturer’s option, test samples for Group 8, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g., bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced with thermal shock Method 101 1, Test Condition A, minimum. 

Note 3: At the manufacturer’s option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The PIND test may be performed in any sequence after step 6 and prior to step 16. See MIL-l-38585 paragraph 40.6.3. 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 16 and step 19, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separately or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g., flatpaks and chip carriers) the seal screen shall be done 1 00% prior to these operations and a sample test (LTPD = 5) shall be performed on each inspection 
lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed in any sequence after step 9. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005. 

Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and record is required at steps 10 and 12 only for those parameters for which post-burn-in delta measurements are specified. All parameters shall 
be read and recorded at step 14. 

Note 14: The PDA shall apply to all subgroup 1 parameters at 25°C and all delta parameters. 

Note 15: Only one view is required for flat packages and leadless chip carriers with leads on all four sides. 

Note 16: May be performed at any time prior to step 10. 
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Military Analog Products Available from National Semiconductor 


Package 


Process 

SMD/JAN 

Device 

Styles 
(Note 1) 

Description 

Flows 
(Note 2) 

(Note 3) 

HIGH PERFORMANCE AMPLIFIERS AND BUFFERS 

LF147 

D, J 

Wide BW Quad JFET Op Amp 

SMD/JAN 

/I 1906 

LF155A 

H 

JFET Input Op Amp 

883 


LF156 

H 

JFET Input Op Amp 

883 

— 

LF156A 

H 

JFET Input Op Amp 

883 

— 

LF157 

H 

JFET Input Op Amp 

883 

— 

LF157A 

H 

JFET Input Op Amp 

883 

— 

LF411M 

H 

Low Offset, Low Drift JFET Input 

883/JAN 

/I 1904 

LF412M 

H, J 

Low Offset, Low Drift JFET Input-Dual 

883/JAN 

/I 1905 

LF441M 

H 

Low Power JFET Input 

883 

— 

LF442M 

H 

Low Power JFET Input-Dual 

883 

— 

LF444M 

D 

Low Power JFET Input-Quad 

883 

— 

LH0002 

H 

Buffer Amp 

“-MIL” 

— 

LH0021 

K 

1 .0 Amp Power Op Amp 

“-MIL” 

— 

LH0024 

H 

High Slew Rate Op Amp 

“-MIL” 

— 

LH0032 

G 

Ultra Fast FET-Input Op Amp 

“-MIL” 

— 

LH0041 

G 

0.2 Amp Power Op Amp 

“-MIL” 

— 

LH0101 

K 

Power Op Amp 

“-MIL” 

— 

LM10 

H 

Super-BlockTM Micropower Op Amp/Ref 

883/SMD 

5962-87604 

LM101A 

J, H,W 

General Purpose Op Amp 

883/JAN 

/1 01 03 

LM108A 

J, H, W 

Precision Op Amp 

883/JAN 

/10104 

LM118 

J, H 

Fast Op Amp 

883/JAN 

/I 01 07 

LM124 

J, E, W 

Low Power Quad Op Amp 

883/JAN 

/1 1005 

LM124A 

J, E, W 

Low Power Quad 

883/JAN 

/1 1006 

LM146 

J 

Quad Programmable Op Amp 

883 

— 

LM148 

J, E 

Quad 741 Op amp 

883/JAN 

n iooi 

LM158A 

J, H 

Low Power Dual Op Amp 

883/SMD 

5962-8771002 

LM158 

J, H 

Low Power Dual Op Amp 

883/SMD 

5962-8771001 

LM611AM 

J 

Super-Block Op Amp/Reference 

883/SMD 

— 

LM613AM 

J, E 

Super-Block Dual Op Amp/Dual Comp/Ref 

883/SMD 

— 

LM614AM 

J 

Super-Block Quad Op Amp/Ref 

883/SMD 

— 

LM709A 

H, J, W 

General Purpose Op Amp 

883/SMD 

7800701 

LM741 

J, H, W 

General Purpose Op Amp 

883/JAN 

/10101 

LM747 

J, H 

General Purpose Dual Op Amp 

883/JAN 

/10102 

LM6118 

J, E 

VIP Dual Op Amp 

883/SMD 

5962-91565 

LM6121 

H, J 

VIP Buffer 

883/SMD 

5962-90812 

LM6125 

H 

VIP Buffer with Error Flag 

883/SMD 

5962-90815 

LM6161 

J, E, W 

VIP Op Amp (Unity Gain) 

883/SMD 

5962-89621 

LM6162 

J, E, W 

VIP Op Amp (A v > 2, - 1) 

883/SMD 

5962-92165 

LM6164 

J, E, W 

VIP Op Amp (A v > 5) 

883/SMD 

5962-89624 

LM6165 

J, E,W 

VIP Op Amp (A v > 25) 

883/SMD 

5962-89625 

LM6181AM 

J 

VIP Current Feedback Op Amp 

883/SMD 

5962-9081802 

LM6182AM 

J 

VIP Current Feedback Dual Op Amp 

883/SMD 

5962-9460301 

LMC660AM 

J 

Low Power CMOS Quad Op Amp 

883/SMD 

5962-9209301 

LMC662AM 

J 

Low Power CMOS Dual Op Amp 

883/SMD 

5962-9209401 

LPC660AM 

J 

Micropower CMOS Quad Op Amp 

883/SMD 

5962-9209302 

LPC662AM 

J 

Micropower CMOS Dual Op Amp 

883/SMD 

5962-9209402 

LMC6482AM 

J 

Rail to Rail CMOS Dual Op Amp 

883/SMD 

5962-9453401 

LMC6484AM 

J 

Rail to Rail CMOS Quad Op Amp 

883/SMD 

5962-9453402 

OP07 

H 

Precision Op Amp 

883 

— 
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Military Analog Products Available from National Semiconductor (Continued) 

Device 

Package 
Styles 
(Note 1) 

Description 

Process 
Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

COMPARATORS 

LF111 

H 

Voltage Comparator 

“-MIL” 

= 

LH2111 

J,W 

Dual Voltage Comparator 

883/JAN 

/I 0305 

LM106 

H, W 

Voltage Comparator 

883/SMD 

8003701 

LM111 

J, H, E, W 

Voltage Comparator 

883/JAN 

/I 0304 

LM119 

J, H, E, W 

High Speed Dual Comparator 

883/JAN 

/1 0306 

LM139 

J, E,W 

Quad Comparator 

883/JAN 

/I 1201 

LM139A 

J, E, W 

Precision Quad Comparator 

883/SMD 

5962-87739 

LM160 

J, H 

High Speed Differential Comparator 

883/SMD 

8767401 

LM161 

J, H, W 

High Speed Differential Comparator 

883/SMD 

5962-87572 

LM193 

J, H 

Dual Comparator 

883 

— 

LM193A 

J, H 

Dual Comparator 

883/JAN 

/1 1202 

LM612AM 

J 

Dual-Channel Comparator/ Reference 

883/SMD 

5962-93002 

LM613AM 

J, E 

Super-Block Dual Comparator/ 

Dual Op Amp/Adj Reference 

883/SMD 

5962-93003 

LM615AM 

J 

Quad Comparator/Adjustable Reference 

883 

— 

LM710A* 

J, H, W 

Voltage Comparator 

883/JAN 

/I 0301 

LM711A* 

J, H, W 

Dual LM710 

883/JAN 

/I 0302 

LM760 

J, H 

High Speed Differential Comparator 

883/SMD 

5962-87545 

’Formerly manufactured by Fairchild Semiconductor as part numbers ju,A71 0 and p,A71 1 . 



LINEAR REGULATORS 




Positive Voltage Regulators 




LM105 

H 

Adjustable Voltage Regulator 

883/SMD 

5962-89588 

LM109 

H 

5V Regulator, l 0 = 20 mA 

883/JAN 

/10701BXA 

LM109 

K 

5V Regulator, l 0 = 1A 

883/JAN 

/10701BYA 

LM117 

H, E, K 

Adjustable Regulator 

883/JAN 

/1 1703, /1 1704 

LM117HV 

H 

Adjustable Regulator, l Q = 0.5A 

883/SMD 

7703402XA 

LM117HV 

K 

Adjustable Regulator, l 0 = 1.5A 

883/SMD 

7703402YA 

LM123 

K 

3A Voltage Regulator 

883 

— 

LM138 

K 

5A Adjustable Regulator 

“-MIL” 

— 

LM 140-5.0 

H 

0.5A Fixed 5V Regulator 

883/JAN 

/I 0702 

LM 140-6.0 

H 

0.5A Fixed 6V Regulator 

883 

— 

LM 140-8.0 

H 

0.5A Fixed 8V Regulator 

883 

— 

LM140-12 

H 

0.5A Fixed 12V Regulator 

883/JAN 

/I 0703 

LM 140-1 5 

H 

0.5A Fixed 1 5V Regulator 

883/JAN 

/I 0704 

LM1 40-24 

H 

0.5A Fixed 24V Regulator 

883 

— 

LM140A-5.0 

K 

1.0A Fixed 5V Regulator 

883 

— 

LM140A-12 

K 

1 .0A Fixed 1 2 V Regulator 

883 

— 

LM140A-15 

K 

1 .0A Fixed 1 5V Regulator 

883 

— 

LM140K-5.0 

K 

1 .0A Fixed 5V Regulator 

883/JAN 

/I 0706 

LM140K-12 

K 

1 .0A Fixed 1 2V Regulator 

883/JAN 

/I 0707 

LM140K-15 

K 

1 .0A Fixed 1 5V Regulator 

883/JAN 

/I 0708 

LM140LAH-5.0 

H 

1 00 mA Fixed 5V Regulator 

883 

— 

LM140LAH-12 

H 

100 mA Fixed 12V Regulator 

883 

— 

LM140LAH-15 

H 

1 00 mA Fixed 1 5V Regulator 

883 

— 

LM150 

K 

3A Adjustable Power Regulator 

883 

— 

LM2940-5.0 

K 

5V Low Dropout Regulator 

883/SMD 

5962-89587 

LM2940-8.0 

K 

8V Low Dropout Regulator 

883/SMD 

5962-90883 

LM2940-12 

K 

12V Low Dropout Regulator 

883/SMD 

5962-90884 

LM2940-15 

K 

1 5V Low Dropout Regulator 

883/SMD 

5962-90885 

LM2941 

K 

Adjustable Low Dropout Regulator 

883/SMD 

TBD 

LM431 

H,K 

Adjustable Shunt Regulator 

883 

— 

LM723 

H, J, E 

Precision Adjustable Regulator 

883/JAN 

/I 0201 

LP2951 

H, E, J 

Adjustable Micropower LDO 

883/SMD 

5962-38705 

LP2953AM 

J 

250 mA Adj. Micropower LDO 

883/SMD 

5962-9233601 
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Military Analog Products Available from National Semiconductor (Continued) 

Device 

Package 
Styles 
(Note 1) 

Description 

Process 
Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

LINEAR REGULATORS (Continued) 

Negative Voltage Reg 

ulators 




LM1 20-5.0 

H 

Fixed 0.5A Regulator, Vqut = “5V 

883/JAN 

/1 1501 

LM1 20-8.0 

H 

Fixed 0.5A Regulator, Vout = — 8V 

883 

— 

LM 120-1 2 

H 

Fixed 0.5A Regulator, Vout = — 1 2V 

883/JAN 

/1 1502 

LM120-15 

H 

Fixed 0.5A Regulator, Vout = - 1 5V 

883/JAN 

/1 1503 

LM1 20-5.0 

K 

Fixed 1.0A Regulator, Vqut = -^5V 

883/JAN 

/I 1505 

LM 120-1 2 

K 

Fixed 1.0A Regulator, Vout = -12V 

883/JAN 

/I 1506 

LM120-15 

K 

Fixed 1 .0A Regulator, Vout = - 1 5V 

883/JAN 

/ 11507 

LM137A 

H 

Precision Adjustable Regulator 

883/SMD 

7703406XA 

LM137A 

K 

Precision Adjustable Regulator 

883/SMD 

7703406YA 

LM137 

H, K 

Adjustable Regulator 

883/JAN 

/1 1803, /1 1804 

LM137HV 

H 

Adjustable (High Voltage) Regulator 

883/SMD 

7703404XA 

LM137HV 

K 

Adjustable (High Voltage) Regulator 

883/SMD 

7703404 Y A 

LM 145-5.0 

K 

Negative 3 Amp Regulator 

883/SMD 

5962-90645 

LM 145-5.2 

K 

Negative 3 Amp Regulator 

883 

— 

SWITCHING REGULATORS 

LM1 575-5 

J, K 

Simple SwitcherTM Step-Down, Vout = 5V 

883/SMD 

5962-9167201 

LM1575-12 

J, K 

Simple Switcher Step-Down, Vqut = 12V 

883/SMD 

5962-9167301 

LM1575-15 

J, K 

Simple Switcher Step-Down, Vqut = 1 5V 

883/SMD 

5962-9167401 

LM1575-ADJ 

J, K 

Simple Switcher Step-Down, Adj Vqut 

883/SMD 

5962-9167101 

LM1575HV-5 

K 

Simple Switcher Step-Down, Vqut = 5V 

883 

— 

LM1575HV-12 

K 

Simple Switcher Step-Down, Vqut = 12V 

883 

— 

LM1575HV-15 

K 

Simple Switcher Step-Down, Vqut = 1 5V 

883 

— 

LM1575HV-ADJ 

K 

Simple Switcher Step-Down, Adj Vqut 

883 

— 

LM1577-12 

K 

Simple Switcher Step-Up, Vqut - 12V 

883/SMD 

5962-9216701 

LM1577-15 

K 

Simple Switcher Step-Up, Vout = 1 5V 

883/SMD 

5962-9216801 

LM1577-ADJ 

K 

Simple Switcher Step-Up, Adj Vqut 

883/SMD 

5962-9216601 

LM1578 

H 

750 mA Switching Regulator 

883/SMD 

5962-89586 

LM78S40* 

J 

Universal Switching Regulator Subsystem 

883/SMD 

5962-88761 

’Formerly manufactured by Fairchild Semiconductor as the jaA78S40DMQB. 



VOLTAGE REFERENCES 




LM 103-3.0 

H 

Reference Diode, BV = 3.0V 

883/SMD 

7702806 

LM 103-3.3 

H 

Reference Diode, BV = 3.3V 

883/SMD 

7702807 

LM1 03-3.6 

H 

Reference Diode, BV = 3.6V 

883/SMD 

7702808, 

LM1 03-3.9 

H 

Reference Diode, BV = 3.9V 

883/SMD 

7702809 

LM113 

H 

Reference Diode with 5% Tolerance 

883/SMD 

5962-8671101 

LM113-1 

H 

Reference Diode with 1 % Tolerance 

883/SMD 

5962-8671102 

LM113-2 

H 

Reference Diode with 2% Tolerance 

883/SMD 

5962-8671103 

LM129A 

H 

Precision Reference, 10 ppm/°C Drift 

883/SMD 

5962-89921 01 XA 

LM129B 

H 

Precision Reference, 20 ppm/°C Drift 

883/SMD 

5962-89921 02XA 

LM136A-2.5 

H 

2.5 V Reference Diode, 1 % Vqut Tolerance 

883 

— 

LM136A-5.0 

H 

5V Reference Diode, 1 % Vout Tolerance 

883/SMD 

8418001 

LM 136-2.5 

H 

2.5V Reference Diode, 2% Vqut Tolerance 

883 

— 

LM1 36-5.0 

H 

5V Reference Diode, 2% Vqut Tolerance 

883 

— 
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Military Analog Products Available from National Semiconductor (Continued) 

Device 

Package 
Styles 
(Note 1) 

Description 

Process 

Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

VOLTAGE REFERENCES (Continued) 

LM169 

H 

10V Precision Reference, Low Tempco 0.05% Tolerance 

883 

— 

LM185B 

H, E 

Adjustable Micropower Voltage Reference 

883/SMD 

5962-9041401 

LM185BX2.5 

H 

2.5V Micropower Reference Diode, Ultralow Drift 

883/SMD 

5962-8759404 

LM185BY 

H 

Adjustable Micropower Voltage Reference 

883 

— 

LM185BY1.2 

H 

1 .2V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759405 

LM185BY2.5 

H 

2.5V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759406 

LM185-1.2 

H, E 

1 .2V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759401 

LM1 85-2.5 

H, E 

2.5V Micropower Reference Diode, Low Drift 

883/SMD 

5962-8759402 

LM199 

H 

Precision Reference, Low Tempco 

883/SMD 

5962-8856102 

LM199A 

H 

Precision Reference, Ultralow Tempco 

883/SMD 

5962-8856101 

LM199A-20 

H 

Precision Reference, Ultralow Tempco 

883 

— 

LM611AM 

J 

Super-Block Op Amp/Reference 

883 

— 

LM612AM 

J 

Super-Block Dual-Channel Comparator/ Reference 

883/SMD 

5962-9300201 

LM613AM 

J, E 

Super-Block Dual Op Amp/DualComp/Dual Ref 

883/SMD 

5962-9300301 

LM614AM 

J 

Super-Block Quad Op Amp/Reference 

883/SMD 

5962-9300401 

LM615AM 

j 

Super-Block Quad Comparator/ Reference 

883/SMD 

TBD 

LH0070-0 

H 

Precision BCD Buffered Reference 

“-MIL” 

— 

LH0070-1 

H 

Precision BCD Buffered Reference 

“-MIL” 

— 

LH0070-2 

H 

Precision BCD Buffered Reference 

“-MIL” 

— 

DATA ACQUISITION 

ADC08020L 

J 

8-Bit juP-Compatible 

883/SMD 

5962-90966 

ADC0851 

J 

8-Bit Analog Data Acquisition 
& Monitoring System 

883/SMD 

TBD 

ADC0858 

J 

8-Bit Analog Data Acquisition 
& Monitoring System 

883/SMD 

TBD 

ADC08061CM 

J 

8-Bit Multistep ADC 

883/SMD 

TBD 

ADC10061CM 

J 

10-Bit Multistep ADC 

883/SMD 

TBD 

ADC1 0062CM 

J 

10-Bit Multistep ADC w/Dual 

Input Mutiplexer 

883/SMD 

TBD 

ADC1 0064CM 

J 

10-Bit Multistep ADC w/Quad 

Input Multiplexer 

883/SMD 

TBD 

ADC1241CM 

J 

12-Bit Plus Sign Self-Calibrating 
with Sample/Hold Function 

883/SMD 

5962-9157801 

ADC12441CM 

J 

Dynamically-Tested ADC1241 

883/SMD 

5962-9157802 

ADC1251CM 

J 

12-Bit Plus Sign Self-Calibrating 
with Sample/Hold Function 

883/SMD 

5962-9157801 

ADC12451CM 

J 

Dynamically-Tested ADC1251 

883/SMD 

TBD 

DAC0854CM 

J 

Quad 8-Bit D/A Converter 
with Read Back 

883/SMD 

TBD 

DAC1054CM 

J 

Quad 10-Bit D/A Converter 

with Read Back 

883/SMD 

TBD 

LM12458M 

EL, W 

12-Bit Data Acquisition System 

883/SMD 

5962-9319501 

LM12H458M 

EL, W 

1 2-Bit Data Acquisition System 

883/SMD 

5962-9319502 
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Military Analog Products Available from National Semiconductor (Continued) 


Device 

Package 
Styles 
(Note 1) 

Description 

Process 

Flows 
(Note 2) 

SMD/JAN 
(Note 3) 

DATA ACQUISITION SUPPORT 

Switched Capacitor Filt< 

LMF60CMJ50 

LMF60CMJ100 

LMF90CM 

LMF100A 

irs 

J 

J 

J 

J, E 

6th Order Butterworth Lowpass 

6th Order Butterworth Lowpass 

4th Order Elliptic Notch 

Dual 2nd Order General Purpose 

883/SMD 

883/SMD 

883/SMD 

883/SMD 

5962-90967 

5962-90967 

5962-90968 

5962-9153301 

Sample and Hold 

LF198 

H 

Monolithic Sample and Hold 

SMD/JA 

5962-87608 

/ 12501 

Motion Control 

LMD1 8200-2 

D 

| Dual 3A, 55V H-Bridge 

883/JAN 

5962-9232501 

Note 1: D: Side-Brazed DIP 

E: Leadless Ceramic Chip Carrier 

G: Metal Can (TO-8) 

H: Metal Can (TO-39, TO-5, TO-99, TO-100) 

Note 2: Process Flows 

JAN = JM38510, Level B 

SMD = Standard Military Drawing 

883 = MIL-STD-883 Rev C 



= Exceptions to 883C noted on 
Certificate of Conformance 


J: Ceramic DIP -MIL 

K: Metal Can (TO-3) 

W: Flatpak 

Note 3: Please call your local sales office to determine price and availability of space-level products. All “LM” prefix products in this guide are availble with space- 
level processing. 
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Appendix E 

Understanding Integrated Circuit 
Package Power Capabilities 


INTRODUCTION 

The short and long term reliability of National Semiconduc- 
tor’s interface circuits, like any integrated circuit, is very de- 
pendent on its environmental condition. Beyond the me- 
chanical/environmental factors, nothing has a greater influ- 
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the im- 
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to inter- 
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known “bathtub” curve plotting fail- 
ure rate versus time. Similar to all system hardware (me- 
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 



EARLY LIFE USEFUL LIFE WEAROUT TIME 

TL/H/9312-1 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time to to tl (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem- 
bly and handling, and initial system test and operation. Al- 
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 


Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
“units of measure” for device reliability are inversely relat- 
ed: 


Failure Rate 

Although the “bathtub” curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between tl and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me- 
chanical stress, thermal cycling, and electrical stress. How- 
ever, die temperature during the device’s useful life plays an 
equally important role in triggering the onset of wearout. 


FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur- 
rence of these failures is a function which can be represent- 
ed by the Arrhenius Model. Well validated and predominant- 
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex- 
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow- 
ing equation: 



Where: XI = Failure rate at junction temperature T 1 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 
E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman's constant 
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However, the dramatic acceleration effect of junction tem- 
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en- 
ergies in Figure 2. This graph clearly demonstrates the im- 
portance of the relationship of junction temperature to de- 
vice failure rate. For example, using the 0.99 ev line, a 30° 
rise in junction temperature, say from 1 30°C to 1 60°C, .re- 
sults in a 10 to 1 increase in failure rate. 



30 60 90 120 150 180 210 

JUNCTION TEMPERATURE (°C) 

TL/H/9312-2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 5 shows a cross-sectional view of an assembled inte- 
grated circuit mounted into a printed circuit board. 

Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 


flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac- 
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela- 
tionship is: 

Tj = T a + Pd (0ja) 

Where: Tj = Die junction temperature 

Ta = Ambient temperature in the vicinity device 
Pd = Total power dissipation (in watts) 

0ja = Thermal resistance junction-to-ambient 
0ja, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur- 
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All circuit data sheets specify the thermal char- 
acteristics and capabilities of the packages available for a 
given device under specific conditions — these package 
power ratings directly relate to thermal resistance junction- 
to-ambient or 0ja- 

Although National provides these thermal ratings, it is crit- 
ical that the end user understand how to Use these numbers 
to improve thermal characteristics in the development of his 
system using 1C components. 



FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 



TL/H/9312-4 

FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
Oja, worst-case ambient operating temperature, T/^max), 
the only unknown parameter is device power dissipation, 
Pq. In calculating this parameter, the dissipation of the inte- 
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re- 
sistance of 63°C/W is 108°C. 

Tj = 70°C + (63°C/W) X (0.6W) = 108°C 
The next obvious question is, “how safe is 108°C?” 
MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 
What is an acceptable maximum operating junction temper- 
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in- 
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life- 
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack- 
ages, the maximum allowable junction temperature is 
1 75°C. The numbers are different because of the differenc- 
es in package types. The thermal strain associated with the 
die package interface in a qavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 
Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex- 
ample of such a graph. The end points of this graph are 
easily determined. For a 1 6-pin molded package, the maxi- 
mum allowable temperature is 1 50°C; at this point no power 
dissipation is allowable. The power capability at 25°C is 
1 .98W as given by the following calculation: 

P D ® 25°C = - 

0JA 


150°C — 25° C 
63°C/W 


•= 1.98W 


The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re- 
ferred to as the derating factor. 

Derating Factor = — 

0JA 

As mentioned, Figure 5 is a plot of the safe thermal operat- 
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70°C in our previous example) and maximum 
device package power (600 mW) remains below the maxi- 
mum package thermal capability line the junction tempera- 
ture will remain below 150°C — the limit for a molded pack- 
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 1 50°C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 150°C and 
is not an appropriate operating condition. 



25 50 75 100 125 150 175 

TEMPERATURE (°C) 


TL/H/9312-5 

FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all integrated circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce the 
package power capability stated by the derating factor 
which is expressed in mW/°C. For our example — a Oja of 
63°C/W relates to a derating factor of 1 5.9 mW/°C. 

FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri- 
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist- 
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 
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Die Size 

Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases— this 
relates directly to having a larger area with which to dissi- 
pate a given power. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

TL/H/9312-6 

FIGURE 6. Thermal Resistance vs Die Size 
Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame — these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon- 
ductor use the copper lead frame exclusively. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 


TL/H/9312-7 

FIGURE 7. Thermal Resistance vs 
Lead Frame Material 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol- 
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa- 
bilities of National Semiconductor’s interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 



1 2 3 4 5 6 7 8910 


DIE SIZE (kMIL 2 ) 

TL/H/9312-8 

FIGURE 8. Thermal Resistance vs 
Board or Socket Mount 

Air Flow 

When a high power situation exists and the ambient temper- 
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor- 
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor’s interface 
circuits data sheets relate to the still air environment. 



AIR FLOW (LINEAR FEET/MINUTE) 

TL/H/9312-9 

FIGURE 9. Thermal Resistance vs Air Flow 
Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech- 
niques are required only in the very highest of power appli- 
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (0ja) and thermal resistance 
junction-to-case (Ojq). The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor- 
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem- 
perature. This is only used in extreme cases and is the ex- 
ception to the rule and, for this reason, is not addressed in 
this application note. 

NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Linear Circuits product family. Fig- 
ure 10 is a composite of the copper lead frame molded 
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package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther- 
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist- 
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTEGRATED CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Linear Products 
define power dissipation (thermal) capability. This informa- 
tion can be found in the Absolute Maximum Ratings section 
of the data sheet. The thermal information shown in this 
application note represents average data for characteriza- 
tion of the indicated package. Actual thermal resistance can 
vary from ±10% to ±15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the linear data 
sheets reflect a 15% safety margin from the average num- 
bers found in this application note. Insuring that total pack- 
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 


Molded (N Package) DIP* 
Copper Leadframe— HTP 
Die Attach Board Mount — 
Still Air 



*Packages from 8- to 20-pin 0.3 mil width TL/H/9312-10 

22-pin 0.4 mil width 
24- to 40-pin 0.6 mil width 

FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 


Surface Mount (M, MW Packages), 
Board Mount, Still Air 



Ik 10k 100k 


TL/H/9312-12 

FIGURE 12. Thermal Resistance for “SO” Packages 
(Board Mount) 


The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25°C. 
For example, in a given product data sheet the following will 
be found: 

Maximum Power Dissipation* at 25°C 
Cavity Package 1 509 mW 
Molded Package 1476 mW 

* Derate cavity package at 10 mW/°C above 25°C; derate molded package 
at 1 1 .8 mW/°C above 25°C. 

If the molded package is used at a maximum ambient tem- 
perature of 70°C, the package power capability is 945 mW. 
P D @ 70°C = 1 476 mW - (1 1 .8 m W/°C) X (70°C - 25°C) 

= 945 mW 


Cavity (J Package) DIP* 
Poly Die Attach Board 
Mount— Still Air 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 


* Packages from 8- to 20-pin 0.3 mil width TL/H/9312-1 1 

22-pin 0.4 mil width 
24- to 48-pin 0.6 mil width 

FIGURE 1 1. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 


TO-263 (S Package) 



0 12 3 

COPPER FOIL AREA (SQ. IN.) 

TL/H/9312-13 

*For products with high current ratings (>3A), thermal resistance may be 
lower. Consult product datasheet for more information. 

FIGURE 13. Thermal Resistance (typ.*) for 3-, 5-, 
and 7-L TO-263 packages mounted on 1 oz. 
(0.036mm) PC board foil 
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APPENDIX F 

How to Get the Right Information From a Data Sheet 


Not All Data Sheets Are Created Alike, and False Assumptions Could Cost an Engineer Time and Money 


By Robert A. Pease 


When a new product arrives in the marketplace, it hopefully 
will have a good, clear data sheet with it. 

The data sheet can show the prospective user how to apply 
the device, what performance specifications are guaranteed 
and various typical applications and characteristics. If the 
data-sheet writer has done a good job, the user can decide 
if the product will be valuable to him, exactly how well it will 
be of use to him and what precautions to take to avoid 
problems. 

SPECIFICATIONS 

The most important area of a data sheet specifies the char- 
acteristics that are guaranteed — and the test conditions that 
apply when the tests are done. Ideally, all specifications that 
the users will need will be spelled out clearly. If the product 
is similar to existing products, one can expect the data 
sheet to have a format similar to other devices. 

But, if there are significant changes and improvements that 
nobody has seen before, then the writer must clarify what is 
meant by each specification. Definitions of new phrases or 
characteristics may even have to be added as an appendix. 
For example, when fast-settling operational amplifiers were 
first introduced, some manufacturers defined settling time 
as the time after slewing before the output finally enters and 
stays within the error-band; but other manufacturers includ- 
ed the slewing time in their definition. Because both groups 
made their definitions clear, the user was unlikely to be con- 
fused or misled. 

However, the reader ought to be on the alert. In a few cas- 
es, the data-sheet writer is playing a specsmanship game, 
and is trying to show an inferior (to some users) aspect of a 
product in a light that makes it look superior (which it may 
be, to a couple of users). 

GUARANTEES 

When a data sheet specifies a guaranteed minimum value, 
what does it mean? An assumption might be made that the 
manufacturer has actually tested that specification and has 
great confidence that no part could fail that test and still be 
shipped. Yet that is not always the case. 

For instance, in the early days of op amps (20 years ago), 
the differential-input impedance might have been guaran- 
teed at 1 MH — but the manufacturer obviously did not mea- 
sure the impedance. When a customer insisted, “I have to 
know how you measure this impedance,” it had to be ex- 
plained that the impedance was not measured, but that the 
base current was. The correlation between ^ and Zj n per- 
mitted the substitution of this simple dc test for a rather 
messy, noisy, hard-to-interpret test. 


Reprinted by permission from Electronic Engineering Times. 


Every year, for the last 20 years, manufacturers have been 
trying to explain, with varying success, why they do not mea- 
sure the Zjn per se, even though they do guarantee it. 

In other cases, the manufacturer may specify a test that can 
be made only on the die as it is probed on the wafer, but 
cannot be tested after the die is packaged because that 
signal is not accessible any longer. To avoid frustrating and 
confusing the customer, some manufacturers are establish- 
ing two classes of guaranteed specifications: 

• The tested limit represents a test that cannot be doubt- 
ed, one that is actually performed directly on 100 percent 
of the devices, 1 00 percent of the time. 

• The design limit covers other tests that may be indirect, 
implicit or simply guaranteed by the inherent design of 
the device, and is unlikely to cause a failure rate (on that 
test), even as high as one part per thousand. 

Why was this distinction made? Not just because customers 
wanted to know which specifications were guaranteed by 
testing, but because the quality-assurance group insisted 
that it was essential to separate the tested guarantees from 
the design limits so that the AQL (assurance-quality level) 
could be improved from 0.1 percent to down below 
100 ppm. 

Some data sheets guarantee characteristics that are quite 
expensive and difficult to test (even harder than noise) such 
as long-term drift (20 ppm or 50 ppm over 1 ,000 hours). 
The data sheet may not tell the reader if it is measured, 
tested or estimated. One manufacturer may perform a 100- 
percent test, while another states, “Guaranteed by sample 
testing.” This is not a very comforting assurance that a part 
is good, especially in a critical case where only a long-term 
test can prove if the device did meet the manufacturer’s 
specification. If in doubt, question the manufacturer. 

TYPICALS 

Next to a guaranteed specification, there is likely to be an- 
other in a column labeled “typical”. 

It might mean that the manufacturer once actually saw one 
part as good as that. It could indicate that half the parts are 
better than that specification, and half will be worse. But it is 
equally likely to mean that, five years ago, half the parts 
were better and half worse. It could easily signify that a few 
parts might be slightly better, and a few parts a lot worse; 
after all, if the noise of an amplifier is extremely close to the 
theoretical limit, one cannot expect to find anything much 
better than that, but there will always be a few noisy ones. 
If the specification of interest happens to be the bias current 
(lb) of an op amp, a user can expect broad variations. For 
example, if the specification is 200 nA maximum, there 
might be many parts where lb is 40 nA on one batch (where 
the beta is high), and a month later, many parts where the lb 
is 1 40 nA when the beta is low. 
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Absolute Maximum Ratings (Noteii) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Supply Voltage + 35V to - 0.2V 

Output Voltage + 6V to - 1 .0V 

Output Current 1 0 mA 

Storage Temperature, 

TO-46 Package - 76°F to + 356°F 

TO-92 Package - 76°F to + 300°F 


Lead Temp. (Soldering, 4 seconds) 

TO-46 Package + 300°C 

TO-92 Package +260°C 

Specified Operating Temp. Range (Note 2) 


LM34, LM34A 
LM34C, LM34CA 
LM34D 


T MIN to TmAX 

-50°F to + 300°F 
— 40°F to + 230°F 
+ 32°F to +212°F 


DC Electrical Characteristics (Note i, Notes) 




LM34A 

LM34CA 


Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max) 




(Note 4) 

(Note 5) 


(Note 4) 

(Note 5) 

Accuracy (Note 7) 

T A = + 77°F 

±0.4 

±1.0 


±0.4 

±1.0 


°F 


Ta = 0°F 

±0.6 



±0.6 


±2.0 

°F 


Ta = Tmax 

±0.8 

±2.0 


±0.8 

±2.0 


°F 


Ta = Tmin 

±0.8 

±2.0 


±0.8 


±3.0 

°F 

Nonlinearity (Note 8) 

Tmin ^ t a ^ t max 

± 0.35 


± 0.7 

± 0.30 


± 0.6 

°F 

Sensor Gain 

Tmin ^ t a ^ t max 

+ 10.0 

+ 9 . 9 , 


+ 10.0 


+ 9 . 9 , 

mV/°F, min 

(Average Slope) 



+ 10.1 




+ 10.1 

mV/°F, max 

Load Regulation 

Ta = +77°F 

±0.4 

±1.0 


±0.4 

±1.0 


mV/mA 

(Note 3) 

Tmin ^ t a ^ t max 

0 ^ l|_ ^ 1 mA 

± 0.5 


± 3.0 

± 0.5 


± 3.0 

mV/mA 

Line Regulation (Note 3) 

Ta = +77°F 

±0.01 

±0.05 


±0.01 

±0.05 


mV/V 


5V <; V s ^ 30V 

± 0.02 


± 0.1 

± 0.02 


± 0.1 

mV/V 

Quiescent Current 

Vs = +5V, + 77 9 F 

75 

90 


75 

90 


fxA 

(Note 9) 

V S = +5V 

131 


160 

116 


139 

JLtA 


V S = +30V, + 77°F 

76 

92 


76 

92 


ju,A 


V s = + 30V 

132 


163 

117 


142 

jjlA 

Change of Quiescent 

4V ^ V s ^ 30V, +77°F 

+ 0.5 

2.0 


0.5 

2.0 


fiA 

Current (Note 3) 

5V ^ v s <; 30V 

+ 1.0 


3.0 

1.0 


3.0 

ju,A 

Temperature Coefficient 
of Quiescent Current 


+ 0.30 


+ 0.5 

+ 0.30 


+ 0.5 

jliA/°F 

Minimum Temperature 

In circuit of Figure 1, 

+ 3.0 


+ 5.0 

+ 3.0 


+ 5.0 

°F 

for Rated Accuracy 

l L = 0 




Long-Term Stability 

Tj = Tmax fo r 1000 hours 

±0.16 



±0.16 



°F 


Note 1: Unless otherwise noted, these specifications apply: -50°F ^ Tj ^ + 300°F for the LM34 and LM34A; -40°F ^ Tj ^ + 230°F for the LM34C and 
LM34CA; and + 32°F ^ Tj <; + 21 2°F for the LM34D. V s = + 5 Vdc and I load = 50 jmA in the circuit of Figure 2; + 6 Vdc for LM34 and LM34A for 230°F £ Tj <: 
300°F. These specifications also apply from +5°F to Tmax in the circuit of Figure 1. 

Note 2: Thermal resistance of the TO-46 package is 292°F/W junction to ambient and 43°F/W junction to case. Thermal resistance of the TO-92 package is 
324°F/W junction to ambient. 

Note 3: Regulation is measured at constant junction temperature using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested limits are guaranteed and 100% tested in production. 

Note 5: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 1 0 mV/°F times the device’s case temperature at specified conditions of voltage, current, 
and temperature (expressed in °F). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 1. 

Note 10: Contact factory for availability of LM34CAZ. 

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions (see Note 1 ). 
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Appendix F 


A Point-By-Point Look 

Let’s look a little more closely at the data sheet of the Na- 
tional Semiconductor LM34, which happens to be a temper- 
ature sensor. 

Note 1 lists the nominal test conditions and test circuits in 
which all the characteristics are defined. Some additional 
test conditions are listed in the column “Conditions”, but 
Note 1 helps minimize the clutter. 

Note 2 gives the thermal impedance, (which may also be 
shown in a chart or table). 

Note 3 warns that an output impedance test, if done with a 
long pulse, could cause significant self-heating and thus, 
error. 

Note 6 is intended to show which specs apply at all rated 
temperatures. 

Note 7 is the definition of the “Accuracy” spec, and Note 8 
the definition for non-linearity. Note 9 states in what test 
circuit the quiescent current is defined. Note 10 indicates 
that one model of the family may not be available at the time 
of printing (but happens to be available now), and Note 1 1 is 
the definition of Absolute Max Ratings. 

* Note — the “4 seconds” soldering time is a new standard 
for plastic packages. 

** Note — the wording of Note 1 1 has been revised— this is 
the best wording we can devise, and we will use it on all 
future datasheets. 

APPLICATIONS 

Another important part of the data sheet is the applications 
section. It indicates the novel and conventional ways to use 
a device. Sometimes these applications are just little ideas 
to tweak a reader’s mind. After looking at a couple of appli- 
cations, one can invent other ideas that are useful. Some 
applications may be of no real interest or use. 

In other cases, an application circuit may be the complete 
definition of the system’s performance; it can be the test 
circuit in which the specification limits are defined, tested 
and guaranteed. But, in all other instances, the performance 
of a typical application circuit is not guaranteed, it is only 
typical. In many circumstances, the performance may de- 
pend on external components and their precision and 
matching. Some manufacturers have added a phrase to 
their data sheets: 

“Applications for any circuits contained in this document are 
for illustration purposes only and the manufacturer makes 
no representation or warranty that such applications will be 
suitable for the use indicated without further testing or modi- 
fication.” 

In the future, manufacturers may find it necessary to add 
disclaimers of this kind to avoid disappointing users with 
circuits that work well, much of the time, but cannot be easi- 
ly guaranteed. 

The applications section is also a good place to look for 
advice on quirks — potential drawbacks or little details that 
may not be so little when a user wants to know if a device 
will actually deliver the expected performance. 

For example, if a buffer can drive heavy loads and can han- 
dle fast signals cleanly (at no load), the maker isn’t doing 
anybody any favors if there is no mention that the distortion 
goes sky-high if the rated load is applied. 


Another example is the application hint for the LF1 56 family: 
“Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to output and force the 
amplifier output to the corresponding high or low state. Ex- 
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur, since raising the input back within the 
common-mode range again puts the input stage and, thus 
the amplifier, in a normal operating mode.” 

That’s the kind of information a manufacturer should really 
give to a data-sheet reader because no one could ever 
guess it. 

Sometimes, a writer slips a quirk into a characteristic curve, 
but it’s wiser to draw attention to it with a line of text. This is 
because it’s better to make the user sad before one gets 
started, rather than when one goes into production. Con- 
versely, if a user is going to spend more than 10 minutes 
using a new product, one ought to spend a full five minutes 
reading the entire data sheet. 

FINE PRINT 

What other fine print can be found on a data sheet? Some- 
times the front page may be marked “advance” or “prelimi- 
nary.” Then on the back page, the fine print may say some- 
thing such as: 

“This data sheet contains preliminary limits and design 
specifications. Supplemental information will be published 
at a later date. The manufacturer reserves the right to make 
changes in the products contained in this document in order 
to improve design or performance and to supply the best 
possible products. We also assume no responsibility for the 
use of any circuits described herein, convey no license un- 
der any patent or other right and make no representation 
that the circuits are free from patent infringement.” 

In fact, after a device is released to the marketplace in a 
preliminary status, the engineers love to make small im- 
provements and upgrades in specifications and characteris- 
tics, and hate to degrade a specification from its first pub- 
lished value — but occasionally that is necessary. 

Another item in the fine print is the manufacturer’s tele- 
phone number. Usually it is best to refer questions to the 
local sales representative or field-applications engineer, be- 
cause they may know the answer or they may be best able 
to put a questioner in touch with the right person at the 
factory. 

Occasionally, the factory’s applications engineers have all 
the information. Other times, they have to bring in product 
engineers, test engineers or marketing people. And some- 
times the answer can’t be generated quickly — data have to 
be gathered, opinions solidified or policies formulated be- 
fore the manufacturer can answer the question. Still, the 
telephone number is the key to getting the factory to help. 

ORIGINS OF DATA SHEETS 

Of course, historically, most data sheets for a class of prod- 
ucts have been closely modeled on the data sheet of the 
forerunner of that class. The first data sheet was copied to 
make new versions. 

That’s the way it happened with the UA709 (the first mono- 
lithic op amp) and all its copies, as well as many other simi- 
lar families of circuits. 
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Even today, an attempt is made to build on the good things 
learned from the past and add a few improvements when 
necessary. But, it’s important to have real improvements, 
not just change for the sake of change. 

So, while it’s not easy to get the format and everything in it 
exactly right to please everybody, new data sheets are con- 
tinually surfacing with new features, applications ideas, 
specifications and aids for the user. And, if the users com- 
plain loudly enough about misleading or inadequate data 
sheets, they can help lead the way to change data sheets. 
That’s how many of today’s improvements came about — 
through customer demand. 

Who writes data sheets? In some cases, a marketing per- 
son does the actual writing and engineers do the checking. 
In other companies, the engineer writes, while marketing 
people and other engineers check. Sometimes, a commit- 
tee seems to be doing the writing. None of these ways is 
necessarily wrong. 

For example, one approach might be: The original designer 
of the product writes the data sheet (inside his head) at the 
same time the product is designed. The concept here is, if 
one can’t find the proper ingredients for a data sheet — good 
applications, convenient features for the user and nicely 
tested specifications as the part is being designed— then 
maybe it’s not a very good product until all those ingredients 
are completed. Thus, the collection of raw materials for a 
good data sheet is an integral part of the design of a prod- 
uct. The actual assembly of these materials is an art which 
can take place later. 


WHEN TO WRITE DATA SHEETS 

A new product becomes available. The applications engi- 
neers start evaluating their application circuits and the test 
engineers examine their production test equipment. 

But how can the users evaluate the new device? They have 
to have a data sheet — which is still in the process of being 
written. Every week, as the data sheet writer tries to polish 
and refine the incipient data sheet, other engineers are re- 
porting, “These spec limits and conditions have to be re- 
vised,” and, “Those application circuits don’t work like we 
thought they would; we’ll have one running in a couple of 
days.” The marketing people insist that the data sheet must 
be finalized and frozen right away so that they can start 
printing copies to go out with evaluation samples. 

These trying conditions may explain why data sheets always 
seem to have been thrown together under panic conditions 
and why they have so many rough spots. Users should be 
aware of the conflicting requirements: Getting a data sheet 
“as completely as possible” and “as accurately as possi- 
ble” is compromised if one wants to get the data sheet “as 
quickly as possible.” 

The reader should always question the manufacturer. What 
are the alternatives? By not asking the right question, a mis- 
understanding could arise; getting angry with the manufac- 
turer is not to anyone’s advantage. 

Robert Pease has been staff scientist at National Semicon- 
ductor Corp., Santa Clara, Calif., for eleven years. He has 
designed numerous op amps, data converters, voltage reg- 
ulators and analog-circuit functions. 
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National Semiconductor 


8 Lead Ceramic Sidebrazed Dual-in-Line Package 
NS Package Number D08C 

All dimensions are in inches (millimeters) 


0.008-0.015 

(0.203-0.381) 


0.300 

(7.620) 

REF 



20 Lead Ceramic Leadless Chip Carrier, Type C 
NS Package Number E20A 

All dimensions are in inches (millimeters) 



Top View 



Side View 


0.200 ± 0,005 
( 5.080 ± 0 . 127 ) 



3PLCS 

Bottom View 



Detail A 




12 Lead (0.400 Square Pattern) TO-8 Metal Can Package 
NS Package Number G12B 


0.148— 0.1B1 
(3.759-4.597) 


0.545-0.555 

“(13.843-14.09; 

DIA 


0.555 i 

14.097) ** o. Q 

1 (0 7i 

^ m 


All dimensions are in inches (millimeters) 


MAX 

UNCONTROLLED 
LEAD DIA 


0,016 — 0.019 
(0.406 - 0.483) 
DIA TYP 


0.200 

(5.080) 

TYP 

i 0.400 

(10.16) 

TYP 



/ 

/ o o o 

// 

7 6 9 

| // 06 


(15.113-15.443) 1 1 0 5 


\\ 04 

,, 

1 2 1 

> O 0 

^ - j 

0.100 


(2.540) 

n 

TYP 


0.200 


(5.060) 




0.028 -0.036 
(0.660 - 0.914) 


0.026-0.036 
(0.660 - 0.9t4) 


8 Lead (0.200" Diameter P.C.) TO-5 Metal Can Package 
NS Package Number H08C 


0,165-0.185 

(4.191-4.699) 

REFERENCE PLANE — 


All dimensions are in inches (millimeters) 



0.350-0.370 
(8.890 - 9.398) 


0 500 (0.889) 

(12.70) MAX 
MIN 


0.315-0.335 
t (8.001-8.509) 



UNCONTROLLED 
D635) LEAD DIA 


TE 0.015-0.040 
(0.381-1.016) 


-JU 016^011 

^ ^ (0.406-0.483) 

■ 0.195 - 0.205 DIA 
„ (4.953-5.207) P.C. 


0.029-0.045 ^ \ \ l\ 
(0.737-1.143) 

0.028 -0.034 \/ 

(0.711 -0.864) 


0.115-0.145 
(2.921 -3.683) 


Physical Dimensions 





Physical Dimensions 


10 Lead (0.230" Diameter P.C.) TO-5 Metal Can Package 
NS Package Number H10C 

All dimensions are in inches (millimeters) 



8 Lead Ceramic Dual-in-Line Package 
NS Package Number J08A 

All dimensions are in inches 


95° ±5° TYP 




J08A (REV K) 
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BAD 



Ll) Ld 111 Lil Lil LlI 111 



16 Lead Ceramic Dual-in-Line Package 
NS Package Number J16A 

All dimensions are in inches [millimeters] 



■ GLASS SEALANT 


0.010 ± 0.002 
‘ [ 0.25 ± 0 . 05 ] 


J16A (REV L) 




20 Lead Ceramic Dual-in-Line Package 
NS Package Number J20A 

All dimensions are in inches (millimeters) 


0.985 




24 Lead Ceramic Dual-in-Line Package 
NS Package Number J24A 

All dimensions are in inches (millimeters) 



0.600 

( 15 . 240 ) 

MAX 

GLASS 


0 . 514 - 0.526 

( 13 . 06 - 13 . 36 ) 


0.180 



J?4A (RE ' 






Physical Dimensions 


8 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M08A 

All dimensions are in inches (millimeters) 





14 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number Ml 4A 

All dimensions are in inches (millimeters) 


LEAD NO. 1 ^ 
IDENT 



* (8.509 — 8.738) * 


14 13 12 11 10 9 8 


A A A A A A A 

-0.244 

-6.198) 

1 

O. 


30° 


mrm 

1 2 3 4 5 6 7 



(0.254) 



0.053-0.069 

(1.346-1.753) 
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14 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M14B 

All dimensions are in inches (millimeters) 


0 . 346 - 0.362 

( 8 . 788 - 9 . 195 ) 

14 13 12 11 10 9 


0 . 394 - 0.419 
( 10.01 - 10 . 64 ) 


LEAD NO. 1 Uf'N 

IDENT ||W 



1 2 3 4 5 6 7 


0 . 009 - 0.013 
( 0 . 229 - 0 . 330 ) 
TYP ALL LEADS 



0 . 093 - 0.104 

( 2 . 362 - 2 . 642 ) 


0 . 037 - 0.044 

( 0 . 940 - 1 . 118 ) 


0 , 030 - 0.050 
' ( 0 . 762 - 1 . 270 ) 
TYP ALL LEADS 


0.004 - 0.012 
( 0 . 102 - 0 . 305 ) 

1 SEAT 


16 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16A 


All dimensions are in inches (millimeters) 


0 . 386 - 0.394 
(9 804 - 10 . 00 ) ’ 


16 15 14 13 12 11 10 



0 . 228 - 0.244 

( 5 . 791 - 6 . 198 ) 


0 . 053 - 0.069 

( 1 . 346 - 1 . 753 ) 


0.004 - 0.010 
( 0 . 102 - 0 . 254 ) 


0 . 008 - 0.010 
( 0 . 203 - 0 . 254 ) 
TYP ALL LEADS 


0.004 

( 0 . 102 ) 

ALL LEAD TIPS 


0 . 016 - 0-050 
"( 0 . 406 - 1 . 270 ) 
TYP ALL LEADS 


0.050 

“ o-jm 


0.014 - 0,020 tvp 
( 0.356 - 0 . 508 ) 


Physical Dimensions 





Physical Dimensions 


16 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16B 



20 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M20B 

All dimensions are in inches (millimeters) 


LEAONO 1 
IDENT" 


112.598-13.005) 

20 19 18 17 16 15 14 13 12 11 


o 

--O 


TPT0TT0 

2 3 4 5 6 7 8 9 10 



0.291-0.299 

(7.391-7.595) 

r 

8° MAX TYP 
-v ALL LEADS 

r 

L^JT 

1 

L t 

^ 0.004 

,9 - 0013 Wm 

!9 -0.330) ALL LEAD TIPS 

~T 

0.016-0.050 

(0.406-1.270) 


0.093 - 0.104 
(2.362 - 2.642) 


, r - -■ 

3 0 004 -0.012 

(0.102 - 0.305) 

■M, 


1 i SFATINR 

T I 

(0.356) -*• 


0.050 
(1 270) 


| PUNE 

0.014 -0.020 tvd 
(0.356-0.508) 


_ M 08 .TYP 
(0.203) 
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24 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M24B 



5 Lead Molded SOT-23-5 
NS Package Number MA05A 

All dimensions are in inches [millimeters] 



0 . 035 - 0.040 

[ 0 . 89 - 1 . 02 ] 

TYP 


0 . 070 - 0.080 

[ 1 . 78 - 2 . 03 ] 


TYP 


TYP 
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Physical Dimensions 



40 Lead Molded Shrink Small Outline Package, EIAJ, Type III 
NS Package Number MS40A 

All dimensions are in inches [millimeters] 


0.528-0.543 
[13.40- 13.80] 



[0.25-0.35] 


0.0S 

[2.5 

jJ 


■ MAX SEATING PLANE 


I 0.398 - 0.413 

0.291 - 0.299 [10.10-10.50] 

[7.40- 7.60] I 

EE3 I 


, 0 . 015 - 0.025 
( [ 0.39 - 0 . 63 ] 



0.004 - 0.014 
”[0.10-0.35] 


0.016-0.031 
" [0.40-0.80] 


DETAIL E TYP 



8 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N08E 


0.373-0.400 

(9.474-10.16)' 


(7.112) 

0.300-0.320 

(7.62-8.128) 


Lli LU LU HI 

0.040 II 


0.250± 0.005 
(6.35 ±0 .127) 


All dimensions are in inches (millimeters) 


0.032 ±0.005 
(0.813 + 0.127) 
RAO 


-MAX (1016) 


0.009 - 0.015 
(0.229-0.381) 


0.125 

(3.175) 

DIA 


0.045 ±0.01 5 
(1.143±0.381) 



0.145-0.200 

(3.683-5.080) 


0.130 ±0.005 
(3.302±0.127) 

0.125-0.140 

(3.175-3.556) 


0.018 ±0.003 
(0.457 ±0.076) 
0.100±0.010 
(2.540 ±0.254) 


N08E (REV F) 



14 Lead (0.300 Wide) Molded Dual-in-Line Package 
NS Package Number N14A 



( 3.429 ± 0 . 127 ) 



All dimensions are in inches (millimeters) 


Hi 



IDENT LU |_2J LI 



16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N16A 

All dimensions are in inches (millimeters) 





Physical Dimensions 


16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N16E 

All dimensions are in inches (millimeters) 


PIN NO. 1_ 
IDENT 


( 0.740-0.780 

t 0.090 

(18.80-19.81) -*| 

rajffl mmjii (in lioiira 

(2.286) 

rn 

f 

0.250*0.010 

(6.350*0.254) 

ijrmwmwwmw 

OPTION 01 


INDEX 

AREA 


m 



OPTION 02 
. 0.300-0.320 


(7.620-8.128) | 


f=F 

n 


0.065 

(1.651) 

i 


L_ 0.280 1“ 

^ (7.112) ^ 
MIN 

(o. 325 ;g;gfg 

(8.255 


T 


(0.203 - 0.406) 


TYP 


N16E (REV F) 


18 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N18A 

All dimensions are in inches [millimeters] 




0.008-0.014 

[0.20-0.36] 


N18A (REV F) 
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20 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N20A 

All dimensions are in inches (millimeters) 





N20A (REV G) 


20 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N20B 

All dimensions are in inches (millimeters) 



N20B (REV A) 
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Physical Dimensions 






22 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N22A 

All dimensions are in inches (millimeters) 




N22A (REV D) 


24 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N24C 

All dimensions are in inches (millimeters) 





N24C (REV F) 






11 Lead Molded TO-202 
NS Package Number P11A 


All dimensions are in inches (millimeters) 


0.880 ±ooos 

(22.352 ±0.127) 

0.440 ±0,005 
(11 .176 ±0.127) 

0.220 ±0,005 
(5.588 ±0.127) 



0.128 -0.132 „ _ 

(3.251-3.353) ^ > 
01 A (0.864) 
0.050 


0.463 ±0.005 A 
(11.760 ±0.127) 

I 0370 ±0 005 
(9.398 ±0.127) | 


EJECTOR PINS 
0.125±0.005 
(3.175 ±0.127)“" 
BOTH SIDES 
OF PACKAGE 


0.050 ±0.015 
(1.270 ±0.381) 


0.350 ±0 005 
(8.890 ±0.127) 



1.093-1.120 1 
(27.76-28.45) 


0.025 ±0.003 
(0.635 ±0.076) 
(P11A-2) 
0.018±0.003 
(0.457 ±0.076) 


0.350 ±0.005 
(8.890 ±0.127) 


0.125-0.135 
11 I (3.175 — 3.429) I 


0.806-0.820 

(20.47-20.83) 


0,350 ±0.005 

(8.890 ±0.127) EJECTOR PINS 

0.001 -0.009 

t (0.025-0.229) 


TYP 

0.100±0.010 
(2.540 ±0.254) 



0.130 ±0.005 
/3. 302 ±0.1 271 


0.009-0.015 

(0.229-0.381) 


3 Lead Molded TO-220 

NS Package Number T03B 





All dimensions are in inches [millimeters] 

— 

0.240 

[6.10 

-0.260 i 0.330-0.350 
-6.60] [8.38-8.89] 


0.100-0.120 

[2.54-3.05] 


0.149-0.153 
f 10 [3.78-3.89] 




/ 

- 1 

. ... + 0.015 


y 1 

1 ' 0.090-0.110 | 



0.175-0.185 I 
[4.45-4.70] J— 



5 Lead Molded TO-220 
NS Package Number T05A 

All dimensions are in inches [millimeters] 



5 Lead Molded TO-220 
NS Package Number T05B 

All dimensions are in inches (millimeters) 



lenai 


SEATING 

PLANE 


TO50 (REV f-) 
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Physical Dimensions 








3 Lead Molded TO-263 
NS Package Number TS3B 

All dimensions are in inches [millimeters] 




TS3B (REV C) 


5 Lead Molded TO-263 
NS Package Number TS5B 

All dimensions are in inches [millimeters] 



CONTROLLING DIMENSION: INCH 




20 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V20A 


All dimensions are in inches [millimeters] 



28 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V28A 

All dimensions are in inches [millimeters] 






Physical Dimensions 


44 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V44A 

All dimensions are in inches [millimeters] 




0.690-0.005 TYP 
[17.53-0.13] ITr 


V44A (REV K) 


10 Lead Cerpack 
NS Package Number W10A 

All dimensions are in inches 


0.080 

0.055 


0.035 

0.026 

TYP 


0.006 

0.004 

TYP 




W10A (REV E) 


6-52 



3 Lead Molded TO-92 
NS Package Number Z03A 

All dimensions are in inches [millimeters] 



Z03A (REV F) 







N a t ion a l 


Semiconductor 


Bookshelf of Technical Support Information 

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

For datasheets on new products and devices still in production but not found in a databook, please contact the National 
Semiconductor Customer Support Center at 1 -800-272-9959. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 16-300 

2900 Semiconductor Drive 

P.O. Box 58090 

Santa Clara, CA 95052-8090 

ADVANCED BiCMOS LOGIC (ABTC, IBF, BiCMOS SCAN, LOW VOLTAGE 
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK— 1994 

ABTC/BCT Description and Family Characteristics • ABTC/BCT Ratings, Specifications and Waveforms 
ABTC Applications and Design Considerations • Quality and Reliability • Integrated Bus Function (IBF) Introduction 
54/74ABT3283 Synchronous Datapath Multiplexer • 74FR900/25900 9-Bit 3-Port Latchable Datapath Multiplexer 
54/74ACTQ3283 32-Bit Latchable Transceiver with Parity Generator/Checker and Byte Multiplexing 
SCAN18xxxA BiCMOS 5V Logic with Boundary Scan • 74LVT Low Voltage BiCMOS Logic 
VME Extended TTL Technology for Backplanes 

ALS/AS LOGIC DATABOOK— 1990 

Introduction to Advanced Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky 

APPLICATION SPECIFIC ANALOG PRODUCTS DATABOOK— 1995 

Audio Circuits • Video Circuits • Automotive • Special Functions • Surface Mount 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS— 1987 

SSI/MSI Functions • Peripheral Functions • LSI/VLSI Functions • Design Guidelines • Packaging 

CMOS LOGIC DATABOOK— 1988 

CMOS AC Switching Test Circuits and Timing Waveforms • CMOS Application Notes • MM54HC/MM74HC 
MM54HCT/MM74HCT • CD4XXX • M M54CXXX/ M M 74CXXX • Surface Mount 


CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK— 1994 

Low Skew Clock Buffers/ Drivers • Video Clock Generators • Low Skew PLL Clock Generators 
Crystal Clock Generators 

COP8™ DATABOOK— 1994 

COP8 Family • COP8 Applications • MICROWIRE/PLUS Peripherals • COP8 Development Support 

CROSSVOLT™ LOW VOLTAGE LOGIC SERIES DATABOOK— 1994 

LCX Family • LVX Translator Family • LVX Bus Switch Family • LVX Family • LVQ Family • LVT Family 

DATA ACQUISITION DATABOOK— 1995 

Data Acquisition Systems • Analog-to-Digital Converters • Digital-to-Analog Converters • Voltage References 
Temperature Sensors • Active Filters • Analog Switches/ Multiplexers • Surface Mount 

DATA ACQUISITION DATABOOK SUPPLEMENT— 1992 

New devices released since the printing of the 1 989 Data Acquisition Linear Devices Databook. 




DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK— 1989 

Selection Guide and Cross Reference Guides • Diodes • Bipolar NPN Transistors 
Bipolar PNP Transistors • JFET Transistors • Surface Mount Products • Pro-Electron Series 
Consumer Series • Power Components • Transistor Datasheets • Process Characteristics 

DRAM MANAGEMENT HANDBOOK— 1993 

Dynamic Memory Control • CPU Specific System Solutions • Error Detection and Correction 
Microprocessor Applications 

EMBEDDED CONTROLLERS DATABOOK— 1992 

COP400 Family • COP800 Family • COPS Applications • HPC Family • HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals* Microcontroller Development Tools 

FDDI DATABOOK— 1994 

Datasheets • Application Notes 

F100K ECL LOGIC DATABOOK & DESIGN GUIDE— 1992 

Family Overview • 300 Series (Low-Power) Datasheets • 1 00 Series Datasheets • 1 1 C Datasheets 
Design Guide • Circuit Basics • Logic Design •Transmission Line Concepts • System Considerations 
Power Distribution and Thermal Considerations • Testing Techniques • 300 Series Package Qualification 
Quality Assurance and Reliability • Application Notes 

FACTTM ADVANCED CMOS LOGIC DATABOOK— 1993 

Description and Family Characteristics • Ratings, Specifications and Waveforms 

Design Considerations • 54AC/74ACXXX • 54ACT /74ACTXXX • Quiet Series: 54ACQ/74ACQXXX 

Quiet Series: 54ACTQ/74ACTQXXX • 54FCT /74FCTXXX • FCTA: 54FCTXXXA/74FCTXXXA/B 

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK— 1990 

Circuit Characteristics • Ratings, Specifications and Waveforms • Design Considerations • 54F/74FXXX 

FAST® APPLICATIONS HANDBOOK— 1990 

Reprint of 1987 Fairchild FAST Applications Handbook 

Contains application information on the FAST family: Introduction • Multiplexers • Decoders • Encoders 
Operators • FIFOs • Counters • TTL Small Scale Integration • Line Driving and System Design 
FAST Characteristics and Testing • Packaging Characteristics 

HIGH-PERFORMANCE BUS INTERFACE DATABOOK— 1994 

QuickRing • Futurebus+/BTL Devices • BTL Transceiver Application Notes • FuturebusT Application Notes 
High Performance TTL Bus Drivers • Pi-Bus • Futurebus + /BTL Reference 

IBM DATA COMMUNICATIONS HANDBOOK— 1992 

IBM Data Communications • Application Notes 

INTERFACE: DATA TRANSMISSION DATABOOK— 1994 

TIA/EIA-232 (RS-232) • TIA/EIA-422/423 • TIA/EIA-485 • Line Drivers • Receivers • Repeaters 
Transceivers • Low Voltage Differential Signaling • Special Interface • Application Notes 

LINEAR APPLICATIONS HANDBOOK— 1994 

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LOCAL AREA NETWORKS DATABOOK— 1993 SECOND EDITION 

Integrated Ethernet Network Interface Controller Products • Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface Controller Products • Token-Ring Interface Controller (TROPIC) 

Hardware and Software Support Products • FDDI Products • Glossary and Acronyms 






LOW VOLTAGE DATABOOK— 1992 

This databook contains information on National’s expanding portfolio of low and extended voltage products. Product datasheets 
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time 
Clocks, and Clock Generation and Support (CGS). 

MASS STORAGE HANDBOOK— 1989 

Rigid Disk Pulse Detectors • Rigid Disk Data Separators/Synchronizers and ENDECs 

Rigid Disk Data Controller • SCSI Bus Interface Circuits • Floppy Disk Controllers • Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits • Rigid Disk Microcontroller Circuits • Disk Interface Design Guide 

MEMORY DATABOOK— 1994 

FLASH • CMOS EPROMs • CMOS EEPROMs • PROMs • Application Notes 

MEMORY APPLICATIONS HANDBOOK— 1994 

FLASH • EEPROMs • EPROMs • Application Notes 

OPERATIONAL AMPLIFIERS DATABOOK— 1995 

Operational Amplifiers • Buffers • Voltage Comparators • Active Matrix/ LCD Display Drivers 
Special Functions • Surface Mount 

PACKAGING DATABOOK— 1993 

Introduction to Packaging • Hermetic Packages • Plastic Packages • Advanced Packaging Technology 
Package Reliability Considerations • Packing Considerations • Surface Mount Considerations 

POWER IC’s DATABOOK— 1995 

Linear Voltage Regulators • Low Dropout Voltage Regulators • Switching Voltage Regulators 
Motion Control • Surface Mount 

PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE— 1993 

Product Line Overview • Datasheets • Design Guide: Designing with PLDs • PLD Design Methodology 
PLD Design Development Tools • Fabrication of Programmable Logic • Application Examples 

REAL TIME CLOCK HANDBOOK— 1993 

3-Volt Low Voltage Real Time Clocks • Real Time Clocks and Timer Clock Peripherals • Application Notes 

RELIABILITY HANDBOOK— 1987 

Reliability and the Die • Internal Construction • Finished Package • MIL-STD-883 • MIL-M-38510 

The Specification Development Process • Reliability and the Hybrid Device • VLSI/VHSIC Devices 

Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 

Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 

European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor • The Total Military/ Aerospace Standardization Program 

883B/RETS™ Products • MILS/RETStm Products • 883/RETStm Hybrids • MIL-M-38510 Class B Products 

Radiation Hardened Technology • Wafer Fabrication • Semiconductor Assembly and Packaging 

Semiconductor Packages • Glossary of Terms • Key Government Agencies • AN/ Numbers and Acronyms 

Bibliography • MIL-M-38510 and DESC Drawing Cross Listing 

SCAN™ DATABOOK— 1994 

Evolution of IEEE 1 149.1 Standard • SCAN BiCMOS Products • SCAN ACMOS Products • System Test Products 
Other IEEE 1149.1 Devices 

TELECOMMUNICATIONS— 1994 

COMBO and SLIC Devices • ISDN • Digital Loop Devices • Analog Telephone Components • Software • Application Notes 

VHC/VHCT ADVANCED CMOS LOGIC DATABOOK— 1993 

This databook introduces National’s Very High Speed CMOS (VHC) and Very High Speed TTL Compatible CMOS (VHCT) 
designs. The databook includes Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations and Product Datasheets. The topics discussed are the advantages of VHC/VHCT AC Performance, 
Low Noise Characteristics and Improved Interface Capabilities. 




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 


ALABAMA 

Huntsville 

Anthem Electronics 
(205) 890-0302 
Future Electronics Corp. 
(205) 830-2322 
Hamilton/ Hallmark 
(205) 837-8700 
Pioneer Technology 
(205) 837-9300 
Time Electronics 
(205) 721-1134 
ARIZONA 
Phoenix 

Future Electronics Corp. 
(602) 968-7140 
Hamilton/Hallmark 
(602) 437-1200 
Scottsdale 

Alliance Electronics Inc. 
(602) 483-9400 
Tempe 

Anthem Electronics 
(602) 966-6600 
Bell Industries 
(602) 966-3600 
Pioneer Standard 
(602) 350-9335 
Time Electronics 
(602) 967-2000 
CALIFORNIA 
Agoura Hills 
Bell Industries 
(818) 865-7900 
Future Electronics Corp. 
(818) 865-0040 
Pioneer Standard 
(818) 865-5800 
Time Electronics 
(818) 707-2890 
Calabasas 
F/X Electronics 
(818) 591-9220 
Chatsworth 
Anthem Electronics 
(818) 775-1333 
Costa Mesa 
Hamilton/Hallmark 
(714)641-4100 
Irvine 

Anthem Electronics 
(714) 768-4444 
Bell Industries 
(714) 727-4500 
Future Electronics Corp. 
(714) 453-1515 
Pioneer Standard 
(714) 753-5090 
Zeus Elect, an Arrow Co. 
(714) 581-4622 
Rocklin 

Anthem Electronics 
(916) 624-9744 
Bell Industries 
(916) 652-0418 
Roseville 

Future Electronics Corp. 
(916)783-7877 
Hamilton/Hallmark 
(916)624-9781 
San Diego 
Anthem Electronics 
(619) 453-9005 
Bell Industries 
(619) 576-3294 
Future Electronics Corp. 
(619) 625-2800 
Hamilton/Hallmark 
(619) 571-7540 
Pioneer Standard 
(619)514-7700 
Time Electronics 
(619)674-2800 


San Jose 

Anthem Electronics 
(408)453-1200 
Future Electronics Corp. 
(408) 434-1122 
Hamilton/Hallmark 
(408) 435-3500 
Pioneer Technology 
(408) 954-9100 
Zeus Elect, an Arrow Co. 
(408)629-4789 
Sunnyvale 
Bell Industries 
(408) 734-8570 
Time Electronics 
(408) 734-9890 
Tustin 

Time Electronics 
(714)669-0216 
Woodland Hills 
Hamilton/Hallmark 
(818) 594-0404 
Time Electronics 
(818) 593-8400 
COLORADO 
Denver 
Bell Industries 
(303) 691-9270 
Englewood 
Anthem Electronics 
(303) 790-4500 
Hamilton/Hallmark 
(303) 790-1662 
Pioneer Technology 
(303) 773-8090 
Time Electronics 
(303) 799-5400 
Lakewood 

Future Electronics Corp. 
(303) 232-2008 

CONNECTICUT 

Cheshire 

Future Electronics Corp. 
(203) 250-0083 
Hamilton/ Hallmark 
(203) 271-2844 
Meriden 
Bell Industries 
(203) 639-6000 
Shelton 

Pioneer Standard 
(203) 929-5600 
Wallingford 
Advent Electronics 
(800)982-0014 
Waterbury 
Anthem Electronics 
(203)575-1575 
FLORIDA 
Altamonte Springs 
Anthem Electronics 
(407)831-0007 
Bell Industries 
(407) 339-0078 
Future Electronics Corp. 
(407) 865-7900 
Pioneer Technology 
(407) 834-9090 
Deerfield Beach 
Future Electronics Corp. 
(305) 426-4043 
Pioneer Technology 
(305) 428-8877 
Fort Lauderdale 
Hamilton/Hallmark 
(305) 484-5482 
Time Electronics 
(305)484-1864 
Indialantic 
Advent Electronics 
(800)975-8669 
Lake Mary 

Zeus Elect, an Arrow Co. 
(407)333-9300 


Largo 

Future Electronics Corp. 
(813) 530-1222 
Hamilton/Hallmark 
(813) 541-7440 
Orlando 
Chip Supply 
“Die Distributor” 

(407) 298-7100 
Time Electronics 
(407)841-6566 
Winter Park 
Hamilton/Hallmark 
(407) 657-3300 
GEORGIA 
Duluth 

Anthem Electronics 
(404)931-9300 
Hamilton/Hallmark 
(404) 623-4400 
Pioneer Technology 
(404) 623-1003 
Time Electronics 
(404) 623-5455 
Norcross 

Future Electronics Corp. 
(404) 441-7676 

ILLINOIS 

Addison 

Pioneer Standard 
(708) 495-9680 
Bensenville 
Hamilton/Hallmark 
(708)860-7780 
Des Plaines 
Advent Electronics 
(800) 323-1270 
Elk Grove Village 
Bell Industries 
(708)640-1910 
Hoffman Estates 
Future Electronics Corp. 
(708) 882-1255 
Itasca 

Zeus Elect, an Arrow Co. 
(708) 595-9730 
Schaumburg 
Anthem Electronics 
(708) 884-0200 
Time Electronics 
(708) 303-3000 
INDIANA 
Fort Wayne 
Bell Industries 
(219) 422-4300 
Indianapolis 
Advent Electronics Inc. 
(800)732-1453 
Bell Industries 
(317)875-8200 
Future Electronics Corp. 
(317) 469-0447 
Hamilton/Hallmark 
(317)872-8875 
Pioneer Standard 
(317) 573-0880 
IOWA 

Cedar Rapids 
Advent Electronics 
(800) 397-8407 
Hamilton/Hallmark 
(319) 393-0033 
KANSAS 
Lenexa 

Hamilton/Hallmark 
(913) 888-4747 
Overland Park 
Future Electronics Corp. 
(913)649-1531 
KENTUCKY 
Lexington 
Hamilton/Hallmark 
(606) 288-4911 


MARYLAND 

Columbia 

Anthem Electronics 
(410)995-6640 
Bell Industries 
(410) 290-5100 
Future Electronics Corp. 
(410)290-0600 
Hamilton/Hallmark 
(410) 988-9800 
Seymour Electronics 
(410) 992-7474 
Time Electronics 
(410)720-3600 
Gaithersburg 
Pioneer T echnology 
(301)921-0660 
MASSACHUSETTS 
Andover 
Bell Industries 
(508) 474-8880 
Bolton 

Future Electronics Corp. 
(508) 779-3000 
Lexington 
Pioneer Standard 
(617) 861-9200 
Newburyport 
Rochester Electronics 
“Obsolete Products” 
(508) 462-9332 
Norwood 

Gerber Electronics 
(617)769-6000 
Peabody 

Hamilton/Hallmark 
, (508) 532-3701 

Time Electronics 
(508) 532-9777 
Tyngsboro 
Port Electronics 
(508) 649-4880 
Wilmington 
Anthem Electronics 
(508)657-5170 
Zeus Elect, an Arrow Co. 
(508) 658-0900 
MICHIGAN 
Farmington Hills 
Advent Electronics 
(800) 572-9329 
Grand Rapids 
Future Electronics Corp. 
(616)698-6800 
Pioneer Standard 
(616)698-1800 ' 

Livonia 

Future Electronics Corp. 
(313)261-5270 
O’Fallon 

Advent Electronics 
(800) 888-9588 
Plymouth 

Hamilton/ Hallmark 
(313)416-5800 
Pioneer Standard 
(313)416-2157 
Wyoming 

R. M. ElectrohicS, Inc: 
(616) 531-9300 
MINNESOTA 
Bloomington 
Hamilton/Hallmark 
(612)881-2600 
Eden Prairie 
Anthem Electronics 
(612)944-5454 
Future Electronics Corp. 
(612)944-2200 
Pioneer Standard 
(612) 944-3355 
Minnetonka 
Time Electronics 
(612)931-2131 




NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 


MINNESOTA (Continued) 
Thief River Falls 
Digi-Key Corp. 

“Catalog Sales Only” 
(800) 344-4539 
MISSOURI 
Earth City 
Hamilton/Hallmark 
(314) 291-5350 
Manchester 
Time Electronics 
(314) 230-7500 
St. Louis 

Future Electronics Corp. 
(314) 469-6805 

NEW JERSEY 

Camden 

Advent Electronics 
(800) 255-4771 
Cherry Hill 
Hamilton/Hallmark 
(609)424-0110 
Fairfield 
Bell Industries 
(201) 227-6060 
Pioneer Standard 
(201)575-3510 
Marlton 

Future Electronics Corp. 
(609) 596-4080 
Time Electronics 
(609) 596-1286 
Mount Laurel 
Seymour Electronics 
(609) 235-7474 
Parsippany 

Future Electronics Corp. 
(201) 299-0400 
Hamilton/Hallmark 
(201)515-1641 
Pine Brook 
Anthem Electronics 
(201)227-7960 
Wayne 

Time Electronics 
(201) 785-8250 
NEW MEXICO 
Albuquerque 
Bell Industries 
(505) 292-2700 
Hamilton/Hallmark 
(505) 828-1058 
NEW YORK 
Binghamton 
Pioneer Standard 
(607) 722-9300 
Buffalo 

Summit Distributors 
(716)887-2800 
Commack 
Anthem Electronics 
(516) 864-6600 
Fairport 

Pioneer Standard 
(716)381-7070 
Hauppauge 

Future Electronics Corp. 
(516) 234-4000 
Hamilton/Hallmark 
(516) 434-7400 
Time Electronics 
(516)273-0100 
Port Chester 
Zeus Elect, an Arrow Co. 
(914) 937-7400 
Rochester 

Future Electronics Corp. 
(716) 387-9550 
Hamilton/Hallmark 
(800) 475-9130 
Summit Distributors 
(716) 334-8110 


Syracuse 

Future Electronics Corp. 
(315) 451-2371 
Time Electronics 
(315) 434-9837 
Woodbury 
Pioneer Standard 
(516) 921-9700 
Seymour Electronics 
(516) 496-7474 
NORTH CAROLINA 
Charlotte 

Future Electronics Corp. 
(704) 547-1107 
Morrisville 
Pioneer Technology 
(919) 460-1530 
Raleigh 

Anthem Electronics 
(919) 782-3550 
Future Electronics Corp. 
(919)790-7111 
Hamilton/Hallmark 
(919) 872-0712 
OHIO 

Beavercreek 
Future Electronics Corp. 
(513) 426-0090 
Cleveland 
Pioneer Standard 
(216) 587-3600 
Columbus 
Time Electronics 
(614) 794-3301 
Dayton 
Bell Industries 
(513) 435-5922 
Bell Industries-Military 
(513) 434-8231 
Hamilton/Hallmark 
(513) 439-6735 
Pioneer Standard 
(513) 236-9900 
Mayfield Heights 
Future Electronics Corp. 
(216) 449-6996 
Solon 

Bell Industries 
(216) 498-2002 
Hamilton/Hallmark 
(216) 498-1100 
Worthington 
Hamilton/Hallmark 
(614) 888-3313 
OKLAHOMA 
Tulsa 

Hamilton/Hallmark 
(918) 254-6110 
Pioneer Standard 
(918) 665-7840 
Radio Inc. 

(918) 587-9123 
OREGON 
Beaverton 
Anthem Electronics 
(503) 643-1114 
Bell Industries 
(503) 644-3444 
Future Electronics Corp. 
(503) 645-9454 
Hamilton/Hallmark 
(503) 526-6200 
Pioneer Technology 
(503) 626-7300 
Portland 

Time Electronics 
(503) 684-3780 

PENNSYLVANIA 

Horsham 

Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215)674-4000 


Pittsburgh 
Pioneer Standard 
(412) 782-2300 
Trevose 
Bell Industries 
(215) 953-2800 
TEXAS 
Austin 

Anthem Electronics 
(512) 388-0049 
Future Electronics Corp. 
(512) 502-0991 
Hamilton/Hallmark 
(512) 258-8848 
Minco Technology Labs. 
“Die Distributor” 

(512) 834-2022 
Pioneer Standard 
(512) 835-4000 
Time Electronics 
(512)219-3773 
Carrollton 

Zeus Elect, an Arrow Co. 
(214) 380-6464 
Dallas 

Hamilton/Hallmark 
(214) 553-4300 
Pioneer Standard 
(214) 386-7300 
Houston 

Future Electronics Corp. 
(713) 785-1155 
Hamilton/Hallmark 
(713) 781-6100 
Pioneer Standard 
(713) 495-4700 
Richardson 
Anthem Electronics 
(214)238-7100 
Bell Industries 
(214) 690-9096 
Future Electronics Corp. 
(214)437-2437 
Time Electronics 
(214) 480-5000 
UTAH 
Midvale 
Bell Industries 
(801)255-9691 
Salt Lake City 
Anthem Electronics 
(801)973-8555 
Future Electronics Corp. 
(801)467-4448 
Hamilton/Hallmark 
(801)266-2022 
West Valley City 
Time Electronics 
(801) 973-0208 
WASHINGTON 
Bellevue 
Bell Industries 
(206) 646-8750 
Pioneer Technology 
(206) 644-7500 
Bothell 

Anthem Electronics 
(206) 483-1700 
Future Electronics Corp. 
(206) 489-3400 
Kirkland 

Time Electronics 
(206) 820-1525 
Redmond 
Hamilton/Hallmark 
(206) 881-6697 
WISCONSIN 
Brookfield 

Future Electronics Corp. 
(414) 879-0244 
Pioneer Standard 
(414) 784-3480 
Mequon 
Taylor Electric 
(414) 241-4321 


New Berlin 
Hamilton/Hallmark 
(414) 780-7200 
Waukesha 
Bell Industries 
(414) 547-8879 
West Allis 
Advent Electronics 
(800) 500-0441 
CANADA 

WESTERN PROVINCES 
Burnaby 

Hamilton/Hallmark 
(604) 420-4101 
Semad Electronics Ltd. 
(604) 451-3444 
Calgary 

Electro Sonic Inc. 

(403) 255-9550 
Future Electronics Corp. 
(403) 250-5550 
Semad Electronics Ltd. 
(403) 252-5664 
Zentronics/ Pioneer 
(403) 295-8838 
Edmonton 

Future Electronics Corp. 
(403) 438-2858 
Zentronics/Pioneer 
(403) 482-3038 
Markham 

Semad Electronics Ltd. 
(905) 475-8500 
Richmond 
Electro Sonic Inc. 

(604) 273-2911 
Zentronics/Pioneer 
(604) 273-5575 
Vancouver 

Future Electronics Corp. 
(604) 294-1166 
EASTERN PROVINCES 
Mississauga 
Future Electronics Corp. 
(905)612-9200 
Hamilton/Hallmark 
(905) 564-6060 
Time Electronics 
(905) 712-3277 
Zentronics/Pioneer 
(905) 405-8300 
Nepean 

Hamilton/Hallmark 
(613) 226-1700 
Zentronics/Pioneer 
(613) 226-8840 
Ottawa 

Electro Sonic Inc. 

(613) 728-8333 
Future Electronics Corp. 
(613) 820-8313 
Semad Electronics Ltd. 
(613) 526-4866 
Pointe Claire 
Future Electronics Corp. 
(514) 694-7710 
Semad Electronics Ltd. 
(514) 694-0860 
Quebec 

Future Electronics Corp. 
(418) 877-6666 
Ville St. Laurent 
Hamilton/Hallmark 
(514) 335-1000 
Zentronics/Pioneer 
(514) 737-9700 
Willowdale 
Electro Sonic Inc. 
(416)494-1666 
Winnipeg 
Electro Sonic Inc. 

(204) 783-3105 
Future Electronics Corp. 
(204) 944-1446 
Zentronics/Pioneer 
(204) 694-1957 
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AUSTRALIA 


National Semiconductor 
(Australia) Pty. Ltd. 

Bldg. 16 Business Park Dr. 
Monash Business Park 
Nottinghill Melbourne 
Victoria 3168 Australia 
Tel: (39) 558-9999 
Fax: (39) 558-9998 

BRAZIL 


National Semiconductores 
Do Brazil Ltda. 

Rue Deputado Lacorda 
Franco 120-3A 

Sao Paulo-SP Brazil 05418-000 
Tel: (55-11)212-5066 
Fax: (55-1 1)212-1 181 

CANADA 


National Semiconductor 
(Canada) 

5925 Airport Road, Suite 615 
Mississauga, Ontario L4V 1W1 
Tel: (416) 678-2920 
Fax: (416) 678-2837 

National Semiconductor 
(Canada) 

39 Robertson Road, Suite 101 
Nepean, Ontario K2H 8R2 
Tel: (61 3) 596-0411 
Fax: (613) 596-1613 

National Semiconductor 
(Canada) 

1 870 Boul Des Sources, 

Suite 101 

Pointe Claire, Quebec H2R 5N4 
Tel: (514) 426-2992 
Fax: (514) 426-2710 

CHINA 


National Semiconductor 
Beijing China Liaison 
Office 

Room 1930 
New Century Hotel, 

No. 6 Southern Road 
Capital Gym 
Beijing 100046, PRC 
Tel: 10-849-133 1 
Fax:10-849-133 2 

FINLAND 


National Semiconductor 
(U.K.) Ltd. 

Mekaanikonkatu 1 3 
SF-00810 Helsinki 
Finland 

Tel: (0) 759-1855 
Fax: (0) 759-1393 


WORLDWIDE 


FRANCE 


National Semiconductor 
S.A. 

Parc d’ Affaires Technopolis 
3, Avenue Du Canada 
Bat. ZETA - L.P. 821 Les Ulis 
F-91 974 Courtaboeuf Cedex 
France 

Tel: (1)691837 00 
Fax: (1)69 18 37 69 

GERMANY 


National Semiconductor 
GmbH 

Livry-Gargan-Strasse. 1 0 
D-82256 Fiirstenfeldbruck 
Germany 

Tel: (0-81-41) 35-0 
Fax: (0-81-41)35-15-06 

HONG KONG 


National Semiconductor 
Hong Kong Ltd. 

13th Floor, Straight Block 
Ocean Centre 
5 Canton Road 
Tsimshatsui, Kowloon 
Hong Kong 
Tel: (852) 2737-1600 
Fax: (852) 2736-9960 

INDIA 


National Semiconductor 
India Liaison Office 

26 Cunningham Road 
Bangalore 560052 India 
Tel: 80-226-7272 
Fax: 80-225-1133 

ISRAEL 


National Semiconductor Ltd. 

Maskit Street 
PO Box 3007 
HerzIiaB. 46104 

Teh (09) 59 42 55 
Fax: (09) 55 83 22 

ITALY 


National Semiconductor S.p.A. 

Strada 7, Palazzo R/3 
1-20089 Rozzano-Milanofiori 
Italy 

Tel: (02) 57 50 03 00 
Fax: (02) 57 50 04 00 


SALES OFFICES 


JAPAN 


National Semiconductor 
Japan Ltd. 

Sumitomo Chemical 
Engineering Center Bldg. 7F 
1-7-1, Nakase, Mihama-Ku 
Chiba-City, 

Chiba Prefecture 261 
Japan 

Tel: (043) 299-2300 
Fax: (043) 299-2500 

KOREA 


National Semiconductor 
(Far East) Ltd. 

13th Floor, Dai Han 
Life Insurance 63 Building 
60 Yoido-Dong 
Youngdeungpo-KU 
Seoul Korea 1 50-763 
Tel: (02) 784-8051/3 
(02) 785-0696/8 
Fax: (02) 784-8054 

MALAYSIA 


National Semiconductor 
Sdn Bhd 

Bayan Lepas Free Trade Zone 
1 1 900 Penang Malaysia 
Tel: 4-644-9061 
Fax: 4-644-9073 

MEXICO 


Electronica NSC de 
Mexico SA 

Juventino Rosas No. 118-2 
Col Guadalupe Inn 
Mexico, 01020 D.E. Mexico 
Tel: (525) 661-7155 
Fax: (525) 661-6905 

PUERTO RICO 


National Semiconductor 
(Puerto Rico) 

La Electronica Bldg. 

Suite 312, R.D. #1 KM 14.5 
Rio Piedias 
Puerto Rico 00927 
Tel: (809) 758-9211 
Fax: (809) 763-6959 

SINGAPORE 


National Semiconductor 
Asia Pacific Pte. Ltd. 

200 Cantonment Road #13-01 
Southpoint Singapore 0208 
Tel: (65) 225-2226 
Fax: (65) 225-7080 


SPAIN 


National Semiconductor GmbH 

Calle Agustin de Foxa, 27 (9°D) 

E-28036 Madrid 

Spain 

Tel: (01) 7-33-29-54 
Fax: (01) 7-33-80-18 

SWEDEN 


National Semiconductor AB 

P.O. Box 1009 
Grosshandlarvagen 7 
S-1 21 23 Johanneshov, 
Sweden 

Tel: (08) 7 22 80 50 
Fax: (08) 7 22 90 95 

SWITZERLAND 


National Semiconductor 
(U.K.) Ltd. 

Alte Winterthurerstrasse 53 
CH-8304 Wallisellen-Zurich 
Switzerland 
Tel: (01) 8-30-27-27 
Fax: (01) 8-30-19-00 

TAIWAN 


National Semiconductor 
(Far East) Ltd. 

9/F, No. 44 Section 2 
Chungshan North Road 
Taipei, Taiwan, R.O.C. 

Tel: (02) 521-3288 
Fax: (02) 561-3054 

U.K. AND IRELAND 


National Semiconductor 
(U.K.) Ltd. 

The Maple, Kembrey Park 
Swindon, Wiltshire SN2 6YX 
United Kingdom 
Tel: (07-93) 61 41 41 
Fax: (07-93) 52 21 80 
Telex: 444674 

UNITED STATES 


National Semiconductor 
Corporation 

1111 West Bardin Road 
Arlington, TX 76017 
Tel: (800) 272-9959 
Fax: (800) 737-7018 





National Semiconductor supplies a comprehensive set of sendee and support capabilities. 
Complete product information and design support is available from National's customer 
support centers. 

To receive sales literature and technical assistance , contact the National support center in your area. 



Americas 

Tel 

1-800-272-9959 


Fax 

1-800-737-7018 

Email: support@tevm2. nsc.com 

Europe 

Fax 

(+49) 0-180-530 85 86 

Email 

enj wge@tevm2. ttsc.com 

Deutsch 

Tel 

(+49) 0-180-530 85 85 

English 

Tel 

(+49) 0-180-532 78 32 

Frangais 

Tel 

(+49) 0-180-532 93 58 

Italiano 

Tel 

(+49) 0-180-534 16 80 

Japan 

Tel 

81-043-299-2309 


Fax 

81-043-299-2408 


See us on the Worldwide Web at: http://www.nsc.com 


For support in the following countries, please contact the offices listed below: 


Australia 

Tel: (39)558-9999 
Fax: (39)558-9998 

China 

Tel: 10-849-133 1 
Fax: 10-849-133 2 

Hong Kong 

Tel: (852) 2737-1600 
Fax: (852)2736-9960 


India 

Tel: 80-226-7272 
Fax: 80-225-1133 

Korea 

Tel: (02)784-8051/3 
(02) 785-0696/8 
Fax: (02)784-8054 


Malaysia 

Tel: 4-644-9061 
Fax: 4-644-9073 

Singapore 

Tel: (65) 225-2226 • 
Fax: (65)225-7080 

Taiwan 

Tel: (02)521-3288 
Fax: (02)561-3054 


For a complete listing of worldwide sales offices, see inside back page. 
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